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■I'hf    cXI.rrj.iK.,,,^    KjH.rtl'd    ill    the    l..ll(i\Nill,'    pi!"  C    ;.;i.    a 
trmtitiu.itii.ii  ,,,,,,    c  ililiii.il    upplcnniit  tn  lli.i>f  i.l'  \|i  .,  HakiT 
ami  Miss Ctiiiwii  i)ul)tislu,!  in  \"(, '■,!..     1  ,i..i  ii    riuf,,-:     <    r>r 
Baker,  Ins  luriiislud  iiu.^t  v.ilu  .  .n  n-sults  with  ri-.c.  i.. 
<<i!(.iir  li;iriii.>iiy  in  hiiiiirv  iditihiii.ii  ions  of  colours  ..|  full  s.iiui ... 
tio?i;  aiiij  Miss  Cliovvii  ,  invi'sii-ation  has  ;,;\.n  lomhisiw-  n- 
sults  with  n-^iul  to  the  eonhinatioiis  of  loioiirli  s,  Ji^ln  vvitii 
the-  cohi-ir,  (full  saturation,  sli.„;v,  an.l  tints..     Tlu:v  niiiaiiis 
tii-ii  to  invistiv;ati-  tin-  hatttionv  iKtwii-n  the  lolonrs.  ,,||  the 
one  side,  and  the  tints  and  sh.ides  on  the  other,  .iiwl  Hi, it  be- 
tween  the  tints  and   shuths  ainon.;  ttuinselves  i  T..   witiiT., 
S..    with  S,  ,  S,    with  T  ,,  and  T,    Aith  S.,  ).     Tln'  t'lrst  li  ilf  of 
tliis  task,  i..-  ,  the  I  .rnionv  hetween  tiie  eolours  ati<l  ih,  ti„is 
tltlil  shades,   is  .lur  present   siihjeet. 

The  experiments  under  discussion  lure  were  eonihielid 
in  the  I'syeholo-ieal  Lahora  orv  of  the  (  tiiversitv  of  Toronto. 
The  r(M)'n  was  lighted  uniformly  by  skvli«ht,  and  the  judg- 
ments were  ma<le  in  the  afternoons  at  about  the  s,iine  time, 
in  onler  to  secure  e(|u  il  li-ht  inteiisit  v,  so  that  as  far  .is  possible 
the  p!ie:iomen<m  of  I'urkinje  nii«ht  not  alTeet  the  results. 
Other  onditions  of  distance  from,  and  an;;le  with  tin  table, 
etc.,  weri'  kept  as  uniform  as  jiossible.  Ipon  a  table  with 
a  sloping  u.]}  covered  with  black  velvet  the  24  oiubiiialions 
were  arranxed  in  two  rows,  1  to  u  .'UKi  24  to  it,  no.  24  bein« 
under  no.  1,  Kach  combination  cot". ^ ted  ..f  two  coh.ured 
cards,  ,H.?  .x  .vv.S  mm.,  one  colour  (or  its  shade  or  tint  as  the 
case  mi),'iit  l)e)  beini;  the  same  (cotistant.  in  all  of  the  24  pairs 
displaved  at  (me  time,  tile  other  colour  (or  slnule  or  tint). 
called  the  variable,  Ijeim;  that  correspond inis'  to  the  number 
placed  above  it,  These  vari  I'lles  always  formed  a  colour  circle 
in  uninterrupted  spectral  crder;  tlie  combinations  were  kj., 
mm.  apart.  Thus  it  is  sieii  tli.il  ieconii;i;;  to  this  method  a 
constant  would  be  combined  witli  each  (,f  tiie  -'4  v.iriables 
at  each  tri.il,  and  in  a  series  of  24  each  (,f  tiie  24  constants 
would  be  combined  with  each  of  the  24  variables. 
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Tliero  were  ten  observers,  varying  in  age  and  of  either  sex. 
They  were  asked  not  to  consult  one  another  regarding  their 
results,  and  also  to  make  their  judgments  from  the  immediate 
impression  of  the  combinations  as  free  as  possible  from  dis- 
tracting associations  of  other  shapes,  sizes  and  uses  that 
imagination  might  present.  Each  observer  completed  the 
whole  four  series  and  recorded  the  numbers  of  the  Combinations 
found  agreeable.  In  a  second  and  third  column  were  recorded 
those  found  most  agreeable  and  unpleasant  respectively. 

In  all  experiments  the  constant  was  placed  at  the  left  of 
the  variable,  and  as  each  constant  appeared  also  as  a  variable 
at  thejight  of  its  corresponding  constant  (previously  a  variable) 
each  combination  appears  in  both  ways.  Hence,  as  we  com- 
bine our  results  the  space-error  is  eliminated.  To  eliminate 
the  time-error  tlie  order  in  whicli  the  constants  were  chosen 
was  not  that  of  the  spectrum  or  any  other,  but  they  were 
selected  at  irregular  intervals,  so  that  the  choices  would  not 
result  from  a  similarity  of  the  series  with  the  one  preceding. 

Cohn  used  lo  colours  in  his  experiments,  giving =45 


combination 

24  colours,  giving 

used 


Miss  Baker  and  also  Miss  MacDougall  used 
"■   =276  different  pairs.     Miss  Chown 


24  colours  with  5  greys  and  black  and  white,  giving 
24  X  7  ^  168  combinations.  In  the  present  experiments  the 
multiplier  is  not  diminished  by  i ,  as  in  Miss  Baker's,  on  account 
of  the  colour  with  itself  giving  no  binary  combination.  The 
colour  with  its  own  shade  or  tint  gives  a  true  combination; 
hence  we  have  24  X  24^-576  in  each  of  four  series,  or  2304 
different  combinations  in  all.  As  the  number  of  observers  is 
10,  and  as  each  combination  appears  twice,  therefore  the 
number  of  judged  combinations  is  2304  X  loX  24  =46080. 

Tables  i  to  iv  give  a  condensed  statement  of  the  results. 
In  the  horizontal  line  of  figures  at  the  top  of  the  table,  and  in 
the  vertical  line  at  the  left,  are  the  ordinals  of  the  tints  or 
shades  and  of  the  colours  in  full  saturation,  respectively.  All 
the  oiiier  numbers  are  cardinals,    and    each    indicates    how 
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niiiny  times  the  particular  colours  and  tints  tor  shades), 
indicated  by  the  corresponding  ordinals  at  the  left  and  at 
the  top,  have  been  chosen.  The  columns  at  the  bottom  and 
at  the  right  side  of  the  tables  give  the  totals  for  the  tints 
for  shades)  and  for  the  colours  respectively. 

Tables  i  and  ii  refer  to  combinations  of  colours  and  tints; 
Tables  iii  and  iv  refer  to  combinations  of  colours  and  shades. 
Tables  i  and  in  report  the  "pleasant"  and  Tables  ii  and  iv 
the  "most  pleasant"  comljinalions.  "Unpleasant"  judgments 
are  not  reported  here  allhuugh  they  are  on  record. 

Since  the  tables  are  not  easily  surveyed  it  will  be  conven- 
ient to  employ  curves  for  the  further  discussion  of  the  results. 
For  this  purpose  a  curve  has  been  drawn  for  each  colour, 
shade,  and  tint,  analogous  to  those  published  by  Miss  Baker 
for  the  individual  colours.  Of  these  ninety-six  diagrams 
we  can  give  here  only  a  few  samples.  Fig.  I,  for  instance, 
deals  with  the  combinations  of  colour  15  with  the  tints, 
while  Fig.  II  refers  to  the  combinations  of  tint  15  with  all 
the  colours.  It  may  be  mentioned  that  for  other  colours  the 
difference  between  the  curve  for  the  colour  in  full  saturation 
and  that  one  for  the  tint  differs  sometimes  more  widely  than  in 
the  present  example.  In  a  similar  way  Figs.  Ill  and  IV  give 
the  cur\'es  for  the  combinations  between  colour  15  and  the 
shades,  and  shade  1 5  and  the  colours.  The  upper  curve  always 
refers  to  the  "pleasant,"  and  the  lower  to  the  "most  pleasant" 
combinations.  In  order  to  see  what  role  complementarism 
plays  in  these  combinations  we  have  marked  in  these  curves 
(as  also  in  the  later  ones)  the  place  of  the  complementary 
•colours  by  a  cross  ( -f ) . 

In  Figure  I,  and  in  the  corresponding  diagrams  for  the 
other  colours,  not  published  here,  the  ordinates  of  the  curves 
are  an  indication  of  the  frequency  with  which  the  fully 
saturated  colour  has  been  chosen  in  combination  with  the 
tints.  In  these  diagrams  we  see,  just  as  in  Miss  Baker's,  the 
unmistakable  peaks  in  the  curves  for  red,  indicating  a  prefer- 
■ence  for  a  certain  region  of  the  colour  circle,  turn,  in  the  orange 
and  yellow,  into  a  more  indifferent  plateau-like  series  of  smaller 
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maxima  distrihutid  over  tlie  wliok-  field.  Tlic  iiiaxiiiiuiii  luvir 
toincidts  with  tin-  coinpkiiitntary  colour.  Tin-  laltir  is  muw- 
tiii'.cs  even  very  mar  tiic  minimum.  Hut  in  a  iVw  wis  also 
it  is  at  a  minor  maximum. 

Ill  (me  sense  ilie  curves  are  not  comi)aral)le  witli  tlu.sc 
<)f  Miss  Makers,  wliere  the  col.,ur  could  luver  l)e  ctHuhined 
with  itself,  wliiKt  in  our  experiments  tiie  colour  combined  with 
a  shade  or  a  tint  of  itself  mi^'ht  make  a  very  k<kh1  combination. 
So  we  see,  for  iiisi.-.nce.  that  the  purjiKs  and  ruldisli  purples, 

•h,  as  everybody  knows,  are  '-"  .lillicult  to  mateii,  have 
their  maximum  witli  themselves  oi  their  nearest  neighbours, 
and  a  second  maximum  with  yellow  or  j,'rcenish-\ellow.  Of 
course,  Miss  Baker  s  curves  could  show  no  sucii  tiling,  as  the 
colours  coml)ined  with  themselves  would  make  no  binary 
combination  at  all. 

In  the  curves  of  which  I'iKure  II  is  a  sample  ll'.e  freiiuency 
of  the  selection  of  a  tint  with  the  colours  is  shown  M"  course, 
it  must  by  no  means  be  expected  that  the  curves  ciosi!.-  cor- 
respond to  those  of  the  fore^oin);  series- though  thev  may 
show  similar  features,  in  so  far  as  the  colour  quality  is  con- 
cerned. Thus,  for  ii.stance,  we  make  the  same  observation 
as  regards  the  non-coincidence  ol  iraximum  and  comjjle- 
mentitry,  and  we  observe  ajjain  the  above  mentioned  relations 
of  the  puri)le  with  itself  and  yellow. 
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''u'"I>le Themselves.  .  ,  Yellow Red!  Viol.t  — 

Tile  third  series  of  curves  of  which  I'itjure  III  is  a  specimen 
sliows  the  harmonic  (jualities  of  colours  in  relation  to  t!:e  sluides. 
Complementarism  does  not  seem  to  be  favoured  except  in 
the  ,1,'reen  and  the  '  '  ,  and  partially  so  in  l\w  puri)le.  Here 
there  are  someliiin.  -  several  maxima,  which  for  the  red  colour 
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that    tlu    p     pie   colours   liarmoni/e   very    well 
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to  I    '  ir  iiwi,     Mudes;  on  the  contrary,  their  oua 
reidv.;       n  tli.     I'initnuni. 

.    !^  an      . -.i'!]>!i      i    iIk' fourth  set  of  curves  which 

,,     fre(|ii'  7U       Willi    wliicli   the   shades   were   chosen 

:iation    wi^  n  trie  eik.-   =ni.      Here   we   make  the   saitii' 

•      ird  to  th«  KT'een.       It    seems    to    har- 

■  urple,  th'-''!jli  in  no  case  is  the  coni- 
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■'•"-^'  curves  o.rr'  ;  .  i       '""""«  '''«"^-  ^^  '"  -^X       ' 
ation   curves    XXV  toTv  VV  ,  "''x.''''"'  '"  "'^-  ^"'"'"n- 

'<•■'!  ^ta,.,ls  for  nJiJ"^  '''''  "'^"-^  '  •"""'"-1.   thus. 

-^.  veiiow  for  se.;^;'  ;;"■■'"'"«'■ '"  '"-■  '-■^'  -' 

'•'^■vf.   an,l    tuclv.     i,,  /'""•  ^^""«^'"".  for  ten. 

•'^'-■.  "hK.fo.u""sc  ■;:;/"  "r^^"-  ^"-»-"  -../ 

'"-">"--  and  t^Lf  """',"■  "'"r  ''^  '-"'.vtwo, 
a'-  ..f  ,,K.sc.  curves  «i  U  "iu„^  ^  r 'l""^  '"  ""  "^"'"- 
.  ,'-^''  'i^ur.  contains  f.^.  r  .  '  :''''^'-' ^•'' ^'-""l  viii. 
»''-'^='">'  an.l  the  loner  *  ,  '  '"'  "'''"'^  ''■^'''"^^  «" 
I"  '^i^ure  X- ,  „e  „,,„  cu  .;,;;!  li  :"" ",'  ""l"''-^--- 
t'nts  will,  „,e  fuiK-  saturated  red,  """."""''"""'^  '^f  the 

on  the  other  hand  repres  •  t,,  '\  "'  ""'  ''""^"'  ^■"^^•- 
saturated  .„,ours  wit  e  „  'of?";  '"""  ''  "'''  ^"">' 
%"-s  are  arranged  sin.itu  "'  "'  ''    ''•     T"''^"  "''-•>• 

-"-"in";;:^  t;^;';^^  :;;:i:;^-';'  -'^"  -s"n.„.atio„ 

"•'ours  and  tints  -.re  re.,r  ,    '/'^  "'^-  c<""l>inations  of 

colours  and  sh^lef  S^'  o^I  "l  ""  '^"^^  ^^^^  ^" 
/>/."«  curves  show  the  deS^of^  '  '■'"""'  ''"^'"^^'^  ^''^^ 
7>«'-^  in  fun  saturatiJ  '  i,:  r";"'^';'^'  »---  of  the 
tl'e  harmonising,  capal.ilitv'    (    U  ^  ^^  ^'^  '""'■'''■'  '"''''^"t^ 

-rves  the  stri4,,  d  0^     .J^  j^'   .f'f  ^  -''  '"■'-     I"  these 
tints  n,anif.sts  its'lf       once     V  ;'"'°"''  "^  ■^'=''"-  -'^' 

colours  there  is  .  -,road  mrxim.n"'™",  '""""'"  "^  ''"'^  -"'' 
trun,.    in    the    veil.        vol  '"  ""  '"''''"^'  "^  ^''^-  -^P^-- 

t'-e.hehar„.o.^..,,;^i;:;^r7""  l'""^^^^"'  ^^-"■ 
abruptly  .lown  toward  trsp:;;':„;'"%t''^:  '"""  "^  '^- 
in  ccnhination   with  tints      ,  '  '"'"'''  ^"'  '''^*  "^'«n^s 

violet  ar.d  red,  thu     e  vi,      f"  ^"■^'  "•^■""'^'^^>-   ^-i-a   in 
ci<i-l.  and  .he  purpe  i„    f ,  '"  "''^'"^''^  ^"''  ^''^-  '>'"-  i"  a  de- 
I  "rpit  ,n  a  less  pronounced  niinimuni.     The 
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curve  f.      till'  "most   pliasatil "  coiiilMiiatioiis  forms  in  imh 
ci.«'  almost  a  co[iy    •  that  lor  tlif  pliasaiit  on  a  smalltr  scale. 

Till-  [iliisaii;  ciirv(>  for  tlic  '  sliadis  and  lolours"  show 
u  mo^t  (liviiii'd  maxinuim  in  tiii'  oranyi  ytliow  and  snondary 
nuxitna  in  tlif  urten  and  purple.  Tlie  diipi'.t  drop  appears 
in  the  blue  and  violet  This  mininunn  and  the  seeonda-y 
maxima  are  more  pronomieed  for  the  eolours  than  for  tlif 
sliudes.  The  "most  pleas.int  '  eurve  erirrespomls  well  with 
the  "pleasant"  in  ease  of  tlie  shades,  wliiNt  for  ihe  eolours 
there  are  tlir.e  pointed  maxima  in  liif  orange  yellow,  the 
yellow >treen  and  the  blue  green,  tlk-  latter  heinj;  the  hijfhest, 
with  decided  drops  between  them. 

The  Miramation  curves  as  well  as  ilii'  ^rand  totals  of  Tables 
i  to  iv  show  tiiat  in  combination  with  fully  saturated  colours 
sliudes  have  a  ccmsideruble  advantage  over  tints.  The  ple;:sant 
combinations  of  shades  and  eohnirs  exceed  those  of  tints  and 
colours  by  ,^7?  wl'.icli  is  about  10  per  cent.,  whilst  for  the 
mo.t  pl'M'.;n!t  combinations  a  corre-poiidini;  excess  of  135  is 
observed,  which  amounts  to  almost  u  pir  cent. 

In  Tables  ix,  x,  xi,  xii  we  ^'ve  a  more  condensed  and 
conse(|uently  a  more  perspicuous  representation  of  our  results. 
The  Kroupini,'  toj^ether  of  three  consecutive  qualities  is  applied 
here  to  both  sides,— to  the  colours  as  well  as  to  th"  'Ints  and 
shade-,.  Hence  it  is  ([uite  easy  to  survey  the  (>^  lieids  of  the 
tables.  Thus,  for  instance,  in  Table  ix  tiie  first  horiztmtal 
row  (f  numbers  indicates  that  the  power  of  liurnionization 
of  red  wuh  t!i<-  lints  of  the  eii;ht  (lualities  is  greatest  for  yellow- 
Rreen,  less  great  for  yellow  and  for  blue-green,  still  less  for 
orange,  red,  blue  and  purple  aiid  smallest  for  violet. 

The  tirst  vertical  column,  on  the  other  hand,  shows  that 
the  tint  of  red  when  combined  with  the  culoufs  in  full  satur- 
ation liarmoni/es  e(iually  well  with  \  ellow-green  and  purple, 
somewhat  less  with  blue-green,  yellow  and  red,  still  less  with 
orange  and  violet  and  least  with  blue.  So  with  the  other 
columns.  From  the  whole  table  one  can  sec  that  with  regard 
to  the  combination  of  lints  and  colours  the  gravitation  of  pleas- 
antness is  to  the  middle  of  the  spectrum;  whilst  from  Table 
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xi  it  can  easily  he  deduced  that  the  gravity  centre  for  pleas- 
antness for  shades  and  colours  is  decidedly  with  the  "warm" 
colours  {orange  and  jxllow).  Tlie  question  in  how  far  tlic 
colours  agree  with  their  own  tints  and  shades  can  also  he 
settled  by  these  tables.,  The  best  to  agree  with  their  own  tints, 
as  Table  ix  shows,  are  blue-green  and  violet,  next  conies 
yellow-green,  then  yellow,  blue,  purple,  and  the  least,  red.  A 
glance  at  Table  x  shows  tiiat  tlie  same  result  can  be  ascer- 
tained from  the  "most  pleasant"  judgments.  Tables  xi  and 
xii  show  that  it  is  quite  difTerent  with  regard  to  shades.  The 
colours  which  agree  best  with  their  own  shades  are  orange  and 
vellow. 
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STEREOSCOPIC     VISIOX     IN     ITS     RELATION      TO 
QUALITY    OF    LIGHT    SENSATION. 


s 


In  the  former  article  '  an  account  was  given  of  some  experi- 
ments upon  the  application  to  the  two  retinas  of  light  stinmli 
of  difTerent  intensity.  There  are  some  phenomena  of  equal 
interest  wliicii  occur  when  tiie  respective  parts  of  the  stimulus 
are  of  dilTerent  quality.  The  presentation  of  dilTerent  colour 
stimuli  simultaneously  to  the  two  eves  mav  have  various  re- 
sults, according  to  the  degree  of  di'lTerencJ  in  the  quality  of 
the  stimuli.  In  tlie  experiments  now  to  t)e  described  the  fol- 
lowing questions  were  kept  in  view  : 

(i)  Will  the  results  oiitained  by  the  previouslv  reported 
experiments  with  uncoloured  light  be  essentially  altered  by 
the  introduction  of  tiie  colour  factor  ? 

(-')  What  are  the  limits  of  possil)ility  for  binocular  mixture 
of  qualitatively  different  retinal  impressions  ? 

1  University  of  Toronto  .Studies,  Psyclicjloi;ical  Series.  Vol.  ii,  Xo.  j, 

(3)  How  is  such  binocular  mixture  of  colours  related  to 
the  stereoscopic  combination  of  the  retinal  images,  i.e.,  do 
differences  of  colour  affect  the  stereoscopic  combination!  or, 
on  the  other  hand,  does  tlie  stereoscopic  combination  facilitate 
or  hinder  the  binocular  mixture  of  colours  ? 

I.       COMP.\RISON    OK   MONOCUL.VR    .\.\D    BI.VOCL'LAR 
INTENSITIES   IN    COLOURED   LIGHT 

A  few  experiments  were  made  upon  this  point  in  the  course 
of  an  investigation  by  the  author  in  connection  with  Fechner's 
paradox,'  referred  to  more  fully  in  the  preceding  article. 
Those  experiments,  however,  were  comparatively  few  in 
number,  and  made  with  only  one  absolute  intensity,  so  that 
the  results  were  not  conclusive.  The  chief  differences  from 
the  results  with  white  light  were  that  the  judgments  were 
more  difficult  and  less  decided,  and  that  the  region  of  equality 
in  intensity  between  monocular  and  binocular  vision  extended 
over  a  wider  field.  The  differences  between  the  results  of 
the  same  two  observers  were  noticeably  greater  than  with 

1  .Xmerican  Journal  of  Psvchologv,  Vol.  vii.  No    t    pp   g  etc 
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uncoloured  light,  perliaps  because  the  intensity  values  of  the 
colours  were  not  the  same  for  different  observers. 

A  furt'  jr  series  of  experiments  has  been  made,  following 
a  modiriccition  of  the  former  method.     The  apparatus  was  the 
same  as  that  used  for  the  experiments  in  binocular  lustre, ' 
except  that  the  objects  observed  were  plane  coloured  surfaces 
instead    of    stereoscopic    objects.     On    each    side    were    two 
brightlv  illuminat.^d  coloured  surfaces,  which  were  combined 
by  means  of  the  stereoscope.     Refore  one  of  them  the  episko- 
tister-disc  was  revolved,  so  that  t'-  surfaces  dilTercd  in  bright- 
ness, while  remaining  similar  in  a..  ...lier  respects.     Tiie  dilTer- 
encc  in  brightness  could,  of  course,  be  varied  by  re-adjusting 
the  disc.     The  colour  was  furnished  by  coloured  gelatine  or 
thin  glass  plates  placed  over  the  openings  in  the  front  screen 
of  the  apparatus,  white  paper  being  placed  opposite  them  on 
the  screen  or  wall  at  the  back.     The  expcrimenls  were  made 
in  a  dark  room  by  two  observers,  who  took  turns  in  operating 
for  each   other.     They   began  in  each  case  with   monocular 
vision,  i.e.,  by  looking  through  the  stereoscope  with  tiie  shutter 
covering  the  le:     before  which  the  disc  revolved.     Then,  after 
the  observer  had  looked  for  a  few  moments,  the  shutter  was 
opened,  and  he  at  once  reported  whether  the  brightness  was 
equal  to,  greater  or  less  than  that  of  monocular  vision.     A 
series  was  made  by  increasing:  the  opening  of  the  disc  until  the 
raising  of  the  shutter  plainly  resulted  in  an  increase  of  bright- 
ness, then  by  decreasing  the  opening  until  monjcular  and 
binocular  intensities  appeared  equai,  and  still  further  until 
the  opening  of  the  shutter  caused  a  just  noticeable  decrease 
of  brightness.     Then  the  opening  of  the  disc  was  gradually 
widened   till   the  equal   region   was   reached   again   and   still 
further  till,  on  the  opening  of  the  shutter,  there  was  a  just 
noticeable  increase  of  brightness.     In  the  results  of  observer 
"J"  the  average  of  the  "equal"  judgments  is  given  for  each 
series.     The  results  of  observer  "H"  were  calculated  a  little 
differently,  taking  the  average  of  the  degrees  of  opening  of 

1  University  of  T.irontu  Sludifs,  Psychological  Scries.   Vol,  ii    No    j,  p,  --j. 
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the  disc  wlien  the  jutlKiiients  wire  'hriKliter,"  'darker'  and 
"equal,"  tlie  values  for  '•hriKhter"  and  "darker"  l)einK  regarded 
as  the  hunts  for  tlie  region  of  tcjuaHtv.     Tlic  colours  used 
were  from  near  the  middle  and  ends  of  tlie  spectrum    heini; 
respectively   re.i,   green   and   blue.     Similar  series   uere  also 
made  with  white  light  for  the  j.urpose  of  coinjiarison      The 
wave-lengths  of  tlie   respective  colours   were   approxiinatelv 
as  follows  :  red  6.5-740;.,,,  gre.n  480-560,,,,,  blue  44o-S«<v,,    ' 
Lertam   special   difficulties   were   found   in   experi.mnting 
with   coloured   light.     I'irst,   there   was  the  necessiiv  of    ,b- 
stracting    intensity    changes    from    saturation    changes    with 
increasing  or  decreasing  illumination.     This  made  the  judg- 
ments m  some  cases  very  <lifficult,  especiallv  with  the  blue 
Iiglit.     When  the  opening  of  the  disc  was  verv  small  there 
was  competition  of  tlie  vision  (ields,  that  of  the  darkened  eve 
having  cither  no  clour,  or  a  slight  tinge  of  vellow,  due  to 
binocular  contrast.     Secondly,  the  disturbing  elTect  of  after- 
images  ha.l   to  be   more   carefully   guarded   against.     Again 
each   oi,servcr  found   himself  ai,le   to  <listinguish   dilTerences 
of   brightness   more   readily   with   certain   colours   than   with 
others.     1  hus  the  discriminati.m  of  -H"  was  best  with  green 
that  of  "J"  with  red.     A  further  obstacle  in  the  wav  of  com- 
paring the  results  with   different   colours  is  that   the  same 
illumination  could  not  be  used  for  all  the  colours      With'the 
red  It  w-as  found  necessary  to  use  a   .00  c.p.  lamp,  as  with 
weaker  illumination  the  'equal"  limits  could  not  be  passed 
in  both  directions.     On  the  other  hand  this  verv  i,right  light 
had  certain  disturbing  effects  on  account  of  which  it  was  not 
used  with  tVe  other  colours;  the  fatigue  of  the  eve  was  very 
great,  and  the  after-images  gave  more  trouble.     Observer  "  l'' 
noted,  however,  in  spite  of  these  hindrances,  that  discrimin- 
ation was  less  difficult  with  red  than  with  white  light 

The  results  of  these  experiments  are  given  in  Tables  I  and 
II.  They  show  the  same  general  dependence  of  the  relation 
of  monocular  to  binocular  intensity  upon  the  absolute  intensity 
of  Illumination  as  is  shown  in  the  experiments  with  uncoloured 
light.     Difference  of  quality,  therefore,  docs  not  apparently 
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affect  tilt'  intensity  relations.  Where  the  brightness  of  the 
coloured  l'!'':t  is  approximately  the  same  as  with  red  and 
green,  tiie  results  show  very  little  difTerencc.  On  the  other 
hand,  the  very  great  dilTerence  of  average  values  between 
blue  and  red  or  green  may  perhaps  not  be  due  solely  to  the 
difference  of  brightness.  This  indeed  seems  probable  in  view 
of  the  fact  that  in  the  former  ex])eriments,  where  the  colours 
were  of  i'(|ual  brightness,  the  values  for  blue  were  with  both 
observers  higher  than  those  for  red. 

T.Mil.K    I. — OnShkVKK    II. 
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II.    BINOCfLAR   MIXTURE   OF    COLOURS 

The  experiments  to  be  described  in  this  section  were  con- 
ducted with  the  purpose  of  discovering  the  effects  of  various 
degrees  of  difference  in  quality  between  the  two  retinal  im- 
pressions.    There  were  four  series  of  experiments  :  (i)   the 
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first  series  was  made  witl.  small  coloured  surfaces  upon  a 
dark  held;  (2)  i.,  the  next  series  stereoscopic  licjures  against 
a  <lark  ground  were  observed,  tlie  impressions  in  the  respective 
eyes  ben:g  ditTerently  coloure.l;  f,s)  in  the  third  case,  stereo- 
scopic figures  were  employed,  and  one  retinal  image  was 
colourea.  the  other  uncoluured ;  (4)  in  the  fourth  series  an 
entirely  .lilkTent  method  ^vas  emploved,  and  the  colours 
occupied  the  whole  vision  field,  instead  of  onlv  a  part  of  it 

(  I )  PLuu-  coloured  surfaces  upon  a  dark  fu'ld.     The  colours 
used  were  api)roximately  spoctndlv  pure,    the    surfaces    ob- 
ser^•cd   hefng  of  Mikon-Bra.Iley  coloure.l   paper,   illu.ninate.l 
by    light    which    passed    through    combinations    of    coloured 
gelatines.    A  stereoscopic  picture  of  the  apparatus  emploved 
IS  shown  in  I-ig.   ,,  and  a  schematic  representation  of  it'  as 
seen  from  above,  is  given  in   I-ig.   2.     Across  the  back  of  a 
table.  A,  66  cm,  long      ,;d  42  cm.  wide,  is  fixed  a  screen    P. 
of  the  same  width  as  tlie  table  ami  65  cm.  high;  iS  cm   before' 
t  us  screen   is  another,   C,   of  similar  dimensions.     Ik-tween 
these  two  screens,  at  the  middle  of  the  table  there  is  a    par 
titun,  D,  to  enable  the  right  and  left  halves  of  the  rear  serJen 
to  be  Illuminated  independentlv  of  each  other      The  top  of 
the   table  and  the  surfaces  of  the  screens  and  of  the  partition 
are  a  dea.l  black.     Upon  the  rear  screen,  two  thin  wooden 
discs,  h,  h,  one  on  each  side  of  the  partition,  are  fastened  bv 
screws  at  the  centre  only,  so  that  they  may  be  turned  at  will 
The  surfaces  of  these  discs  are  divided   into  seven  sectors' 
covered  with  Milton-Bradley  coloured  papers.     The  discs  are 
so  placed  that  the  inner  edge  of  each  comes  close  to  the  dividing 
partition.     In  the  centre  of  the  front  screen,  2s  mm     apart 
and  one  on  each  side  of  the  partition,  are  two  openings  a  a' 
45  mm.  square,  through  each  of  which  can  be  seen  a  portion 
of  one  sector  only  of  the  colour  disc  opposite  it.     Turning  the 
discs  thus  brings  each  colour  in  succession  before  the  openings 
For  Illuminating  the  discs  there  are  emploved  two  sheet  iron 

InSf'f!;        /V""-   ''^"^'■''   ''"''  ^'    '^'"-    '°"^-     The   front 
ends  of  these  tubes  are  inserted  through  openings  which  thev 

exactly  fit  in  the  front  screen.     The  inner  edges  of  the  tubes 
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arc  If)  cm.  apart,  and  tliiy  arc-  on  a  kvd  willi  lUv  jiortions 
of  tlif  discs  visible  tlirougli  tlic  smaller  openings  before  de- 
scribed. The  latter  are  tlius  directly  between  the  openings 
which  admit  the  ends  of  the  tubes.  In  order  that  the  tui)es 
may  not  interfere  with  the  position  of  the  obseiAer  before 
the  apparatus,  they  are  placed  at  an  anjjlc  so  that  their  outer 
ends  are  widely  a])art.  In  each  tube  is  a  moveable  block, 
fitting  the  inside  of  the  tul)e,  to  tlie  front  of  which  is  attached 
a  socket  for  an  incandescent  electric  lamj).  The  upper  side 
of  each  tube  has  a  narrow  slit,  h,  b,  running  nearly  its  whole 
length,  through  which  projects  an  attachment  to  tlie  block 
for  ani.Ning  the  wires  which  connect  with  the  light  socket, 
and  a  screw,  c,c,  for  fixing  tlie  block  at  any  desired  distance 
-oi.i  the  ends  of  tlie  tube.  The  front  end  of  each  tube  is 
utted  with  a  groove,  d,d,  into  which  were  slipped  frames  con- 
taining the  combiiuitions  of  gelatines  through  which  the  light 
passed  before  falling  upon  the  sectors  of  the  discs.  During 
the  experiments  all  other  light  was  excluded  from  the  room. 
By  the  use  of  varying  coiiiI)iiiations  of  paper.;  and  gelatines, 
the  spectrum  was  divided  into  twelve  approximately  etiual 
divisions.  These  colours  are  the  same  as  were  used  \}y  Miss 
Baker  in  her  work  upon  the  aestlietics  of  colour  coml)inations. 
Tlieir  spcctroscopical  analysis  is  given  below. 


Si'j'i' rRnscopiiAi.  .An'ai.ysis  of  Colotrs. 
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Tliiir  coniplciiK'ntarv  relations  arc  also  stated  vcrv  fiill>  in 
Miss  Baker's  article.'  The  pnrpose  of  tl.e  tul)es  eontainini; 
the  moveable  lamps  was  to  e<iuali/e  the  intensities  of  the  two 
colours  by  adjiistint;  the  distances  from  them  of  tlie  lamps. 
To  facilitate  this  adjustment  a  certain  intensity  of  the  Kreen- 
blue,  a  colour  of  medium  intensity,  was  taken  as  ih,-  normal, 
and  the  positions  of  the  lamps  required  for  the  various  cohairs 
in  order  to  ^'ive  intensities  ecpial  to  it  ueie  f(,un<l  and  marked 
on  the  tubes.  In  a  few  cases,  where  one  gelatine  combination 
was  very  nuich  more  translucent  than  the  other,  the  length  of 
the  tu1)es  was  found  insumcient,  and  either  a  stroni^er  li-ht 
had  to  be  used  for  the  duller  colour  or  a  sheet  of  wiiitc  tissue 
paper  placed  before  the  front  of  the  other  tube.  The  lami)s 
commonly  used  throughout  were  ,v  c.p.  A  moveable  block 
was  phiced  u])on  the  front  of  the  tal)lc  in  a  i,'roo\e  which  enabled 
it  to  sliile  backwjrd  and  forward.  To  this  block  was  attached 
an  upriuhi  upon  which  was  fi.xed,  at  the  liei,i;lit  of  the  openings 
m  the  screen,  the  hood  of  an  ordinary  stereoscope,  ('.,  in  which 
the  glasses  li:ul  been  replaced  by  others  of  a  so!iiewhat  longer 
focal  distance. 

In  the  experiments  the  observer  takes  his  seat  in  from  of 
the  apparatus.  There  are  then  before  hi-,  in  the  darkened 
room  fs-o  small  square  coloured  surfaces,  of  different  colours, 
but  eciually  bright.  Putting  his  head  into  the  hood  of  the 
stereoscope,  he  adjusts  tlie  latter  so  that  the  two  coloured 
surfaces  completely  coincide.  All  the  facts  regarding  the 
colour  of  the  surface  seen  arc  then  noted,  and  the  colour  pre- 
sented to  one  f)f  the  eyes  remaining  the  same,  that  before  the 
other  is  changed,  and  a  new  ob'-ervation  made.  This  is  re- 
peated till  the  constant  colour  has  Ijeen  combined  with  each 
of  the  othei  colours  used.  Then  another  colour  is  taken  as 
the  constant  colour,  and  each  of  the  others  comoined  with  it. 
To  varv  still  further  the  conditions,  with  some  observers  each 
colour  was  presented  to  each  of  the  e\es  of  the  observer  as 
the  constant  colour,  so  that  it  was  twice  combined  with  each 
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(2)  Stmoscopic  figures  upon  a  iLirk  /it Id.  In  tlic  t'X|u-ri- 
lufuls  tlius  far  recordfd,  the  objects  observed,  tliousli  eoin- 
l)iiK(l  by  iiKiiiis  of  the  stereoscope,  were  siitiply  plane  surfaces 
(lilTereiUlv  coloured.  Tlie  (luisliou  naturally  presented  itself 
in  connection  with  this  inetiiod,  whether  the  results  would  be 
ditTerent  if  three-dimensional  figures  were  used  instead  of 
plane  surface  There  are,  indeed,  two  questions  of  interest 
here,  ( i )  whellier  ihe  binacular  mixture  of  colours  is  facilitated 
or  impeded,  the  rivalry  of  the  vision-fields  intensified  or 
lessened,  bv  the  effort  of  comlnninj;  the  outlines  into  a  three- 
dimensional  figure,  (2  1  the  ([uestion  of  the  elTect  which  difTer- 
ences  of  colour  have  upon  X\w  stereoscopic  combination  of 
the  figures.  In  investiRatinR  these  points,  it  was,  of  course, 
desirable  that  the  method  foliowed  should  conform  as  nearly 
as  pos.sible  to  that  of  the  former  series  of  experiments.  Ac- 
cordinRly  the  same  apparatus  and  the  same  colours  were  used, 
but  over  the  openings  for  observation  in  the  front  of  the  appar- 
atus small  squares  of  thin  plate  glass  were  placed,  upon  -vhich 
the  stereoscopic  figures  were  etched.  The  glass  surrounding 
the  drawing  was  blackened  to  prevent  the  transmission  or 
reflection  of  light.  Three  pairs  of  outline  drawings  were 
used,  one  forming  a  transparent  octahedral  crystal,  another 
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on  (.i).i(|,n  ;Kxa.'„na!  cTy-ia!,  aiul  tlir  third  a  t  uiuaU.l  pyra- 
mid, witli  till'  Miiiimit  pre. jilt  in  1,'  toward  tlu'  ol.siTVcr.  Tlic 
i'tcliini;>  wt-ri  made  in  two  ways,  s.-tin  hiin^'  on  clear  jjlass 
with  froVa-,1  lJ,K.s,  ntlicrs  on  frostid  «lass  with  tlu-  lims  cliar 
Tliisc  ii^Mircs  arc  reproduced,  as  luarlv  as  jiossihlc  as  they 
wer..  use.1,  i„  I-j^js.  ,,  ,„  ,.  The  exi„ril,.e„ts  were  conducted 
in  tlie  same  manner  as  those  with  plane  surfaces,  the  nunil.er 
ol  coMil.inatioi-s  of  each  colour  with  each  other  colour  luinv' 
in  tills  ca.e  sixteen.  The  results  as  re;;ar.Is  the  niixlure  of 
colours  are  -liown  in  Tables  IX  to  XIV.  Tables  X\-  to  XIX 
show  the  ellVct  u]...!!  the  stereoscopic  combination  .,|  th. 
dilTerences  in  tin-  co!,)iir  of  the  objects. 
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Remarks  on  the  tables  in  stclions  (i)  and  (2).  Tlic  tables 
group  the  results  in  four  divisions,  according  to  the  activity 
of  the  colours,  i.e.,  tlie  liveliness  and  persistency  of  the  rivalry 
of  the  vision-fields,  the  two  extremes  being  "complete  rivalry," 
where  the  impressions  in  the  respective  eyes  have  qualitatively 
no  influence  ujumi  each  other,  and  "complete  mixture,"  where 
there  is  an  entire  fusion  of  tiie  two  impressions. 

The  eases  of  complete  rivalry  for  plane  surfaces  and  stereo- 
scopic figures  respectively  are  shown  in  Tables  III  and  IX. 
These  are  the  only  cases  where  there  is  absolutely-  no  mixture 
cfTect,  and  their  numbers  are  comparatively  iiuite  small. 
They  are  much  less  numerous  than  the  cases  of  complete 
mixture,  and  are  not  a  large  proportion  of  the  total.  This 
phenomenon,  as  might  be  expected,  was  most  freciueiit  wliere 
the  colours  were  nearly  complementary  (tliere  was  not  any 
pair  of  exact  comijlomentaries),  where  also  tiie  cases  of  com- 
plete mixture  wore  least  fretiuent.  The  proi)orti()n  of  cases 
of  complete  rivalry  was  on  ihv  wliole,  siiijlitl)-  .ijreater  with 
stereoscopic  objects  tlian  with  surfaces. 

TliL-  cas.s  classified  as  "partial  rivalry,"  and  exhibited  in 
Tables  I \'  and  X  are  very  interesting.  Tiiey  show  tliat  even 
when  there  is  iiio^i  pioiiouiuvd  strife  of  the  vision  fields, 
there  is  fre<iueinly  at  the  same  time  a  certain  mixture  effect.' 
Either  one  or  eaeli  oi  the  co:iipeting  colours  is  modifu-d  in  the 
direction  of  tho  otiier,  (e.g.,  red  and  ,i,'rtxii  being  tlie  colours, 
the  retl  appearing  more  oran,i,'e  red  and  tlte  green  nearer  to 
yellow)  or  else,  especially  where  tiie  colours  are  nearly  com- 
plementary, one  or  both  will  apjjcar  jialer  tlian  when  seen 
alone,  i.e.,  of  less  saturation.  Comi)arison  of  these  two  tables 
shows  a  marked  difference  between  tile  results  witli  tiiree- 
dimensional  objects  and  tiiose  witli  plane  surfaces.  Tiie 
proportion  of  cases  of  partial  rivalry  is  decidedix-  larger  with 
the  former  than  witli  tlie  latter. 

Tables  V  and  XI,  "inconstant  mixture,"  represent  a  var- 
iety of  cases,  ranging  from  tliose  where  there  was  a  single  col- 
our, which,  when  regarded  for  a  time,  changed  slightly  toward 
one  or  the  otlier  of  tiie  competing  colours  and  bade  again, 
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or  toward  each  in  turn,  lo  tliose  in  wliidi  there  was  a  decided 
strife  of  the  vision-fields,  hut  with  a  mixed  colour  appearing 
between  the  alternation  of  the  competing  colours.  These 
phenomena,  as  will  be  seen  from  the  numbers  in  these  tables, 
are  comparatively  infrefjuent.  There  is  a  decided  dilTerence 
between  the  proportion  of  cases  of  partial  mixture  with  tli''je- 
dimensional  objects  and  that  with  jilane  surfaces,  the  ])ro- 
portion  i)eing  greater  with  the  former. 

Tables  \'I  and  XII  show  the  cases  of  complete  mixture 
of  the  colours.  These  cases  arc  more  numerous  tiian  might 
have  been  expected,  in  fact  they  form  a  very  much  larger 
proportion  of  the  total  number  of  combinations  tlian  do  any 
of  the  others.  Complete  mixture  of  colours  is  not  nearly  as 
common  with  stereoscopic  objects  as  with  plane  surfaces, 
showing  that  the  effort  required  for  the  stereoscopic  coml)in- 
ation  interferes  decidedly  with  the  complete  mixing  of  the 
colours,  though  it  has  been  shown,  on  the  other  liand,  to  pro- 
duce a  partial  mixture  effect  rr  •->  frequently  than  that  occurs 
with  plane  surfaces. 

Four  tables  of  summaries  are  added,  giving  the  totals  of 
the  preceding  tables  in  parallel  columns  for  convenience  of 
comparison.  Tables  VII  and  XIII  give  the  total  numbers 
of  cases  of  the  occurrence  of  the  respective  phenomena.  They 
show  that  the  phenomenon  which  occurred  most  frequently 
with  surfaces  was  that  of  complete  mixture,  with  stereoscopic 
objects  that  of  partial  rivalry.  With  surfaces  rivalry  of  mod- 
ified colours  was  the  next  in  order  of  frequency,  and  rivalry  of 
unmoditied  colours  in  both  cases  much  the  least  frequent  of 
all.  The  proportion  of  cases  of  complete  mixture  is  larger  in 
Table  \'II  than  in  Table  XIII,  but  the  cases  of  complete  ri- 
valry are  also  more  numerous  here.  These  results  have  been 
noticed  already  in  connection  with  the  preceding  tables.  These 
combined  tables,  however,  furnish  in  addition  a  basis  for  com- 
parison of  the  various  colours  with  respect  to  the  facility  or 
difficulty  with  which  they  mix  with  other  colours.  Tables 
VIII  and  XIV  summarize  the  results  from  a  slightly  different 
view.     They  show,  not  the  number  of  times  each  phenomenon 
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occurs  with  tach  of  the  colours,  but  the  number  of  otiier  colours 
the  combination  of  which  /u'n  each  of  tlic  colours  results 
in  the  production  of  the  '■  pv-(  ii-.'e  phenonifna.  These  four 
tables  of  summaries  are  ih,  lU  i  j^raphically  ,i  ru,  ves  I  to 
IV,  in  whicli  the  abscissa  linos  represent  the  t-olvc  spectral 
intervals  and  the  ordinates  r.'present  respect:  l'  ilie  number 
of  cases  and  the  number  of  colours.  The  res-  !'s  is  to  numbers 
of  colours  and  numbers  of  cases  of  occurN.ncw  correspond 
quite  veil.  The  spectral  colours  near  the  pnrp'e  end  are,  on 
the  whole,  shown  to  be  somewhat  more  iicti'i,  i.e.,  to  mix 
less  readily,  than  those  at  the  opposite  ei^d.  T'.u'  regions  of 
greatest  and  of  least  mixture,  however,  vl-  :'i)und  between 
the  middle  and  the  ends.  The  colour  whi.l.  mixes  most  fre- 
quently and  with  the  greatest  number  tu  ether  colours  is  the 
same  in  all  tlie  cur.-es,  namely,  orang. -yellow.  I'rom  that 
point  the  curve  goes  somewhat  regularly  -tiid  sharply  upward 
to  blue,  whence  it  abruptly  declines. 

Tables  :  ■"■  to  XIX  show  the  efTc:t  upon  the  stereoscopic 
combinatio.  of  the  differences  in  the  colour  of  the  impressions 
in  the  respective  eyes.  The  results  for  each  of  the  pairs  of 
drawings  used  are  given  in  a  separate  table,  and  the  combined 
results  in  Table  XIX.  From  these  tables  it  appears  that  the 
combination  is  seldom  much  impaired  where  the  colours  are 
not  too  different  to  admit  of  even  partial  mixture.  With 
rivalry  of  modified  colours  the  stereoscopic  effect  was  often 
completely  preserved,  and  even  in  a  number  of  cases  with 
rivalry  of  pure  colours.  The  cases  in  which  there  was  no 
stereoscopic  effect  were  comparatively  few.  (They  occurred 
for  the  most  part  only  where  the  competing  colours  succeeded 
each  other  very  rapidly).  They  occurred  also  mainly,  as  the 
tables  show,  with  the  etchings  upon  ground  glass,  where  also 
the  complete  mixture  of  colours  was  less  common.  This  is 
no  doubt  to  be  explained  by  the  fact  that  in  these  cases  the 
colour  co'-trast  was  stronger  upon  the  lines  than  upon  the 
surfaces. 

A  fact  worthy  of  note  is  tint  w  th  all  the  observers  there 
appeared  occasionally  a  lustre  sin.lar  to  that  produced  by 
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the  conibininK  of  black  and  white  objects  or  surfaces.  With 
this  there  appeared  also  usually  a  "transparence"  eiTect,  one 
colour  beinjr  reported  as  "seen  tlirough"  the  other.  Careful 
examination  of  these  cases  showed  thetn  to  be  due  to  slight 
differences  of  brightness  between  the  two  colours.  Re-ad- 
justment of  the  lights  always  caused  the  lustre  or  transparence 
to  disappear.  These  cases,  however,  suggest  an  interesting 
question  regarding  the  problem  of  binocular  lustre,  as  they 
seem  to  indicate  that  that  phenomenon  may  be  produced 
with  much  smaller  dilTcrences  of  intensity  between  the  two 
retinal  impressions,  wliere  there  is  also  a  marked  difference 
of  quality. 

(■,3)  Mixlure  of  colnurrd  mnl  uncolourid  impressions.  The 
apparatus  and  method  employed  in  this  series  of  experiments 
were  the  same  as  in  the  two  preceding,  and  the  objects  were 
the  same  as  in  the  last  series,  except  that  while  one  of  tlie  col- 
ours before  describ( d  was  behind  tlie  drawing  presented  to 
one  eye,  beliind  that  presented  to  the  other  was  one  of  a  series 
of  grc'vs.  Only  one  pair  of  the  drawings  described  in  section 
(2)  were  used,  namely,  those  etched  upon  clear  g'ass,  and 
forming  a  trans])arent  octahedral  crystal  (I-'ig.  ;).  Six  grcvs 
of  the  I'rang  series  were  used,  selected  so  as  to  be  about  equally 
graduated  in  brightness.  In  experimenting,  tlie  colour  in 
use  was  made  of  eiiual  intensii>  with  the  grey  l)v  adjusting 
the  position  of  the  lamj)s,  in  the  same  manner  as  before  de- 
scribed for  eciualizing  the  intensity  of  the  two  colours  in  the 
experiments  where  different  colours  were  presented  to  the 
respective  eyes.  Tiie  liulit  illuminating  the  grey  was  passed 
througli  a  gelatine  which  excluded  any  trace  of  yellow,  leaving 
the  light  as  nearly  as  possible  absolutely  colourless.  ICacli 
of  the  six  greys  was  combined  with  eacii  of  tlie  tweh  e  colours, 
tl'.e  greys  being  kept  on  one  side.  Then  the  grey  and  the 
colour  were  interchanged,  bringing  i  grey  before  tlie  other 
eye,  and  the  series  repeated.  Such  oublc  series  was  made 
by  one  obser\'er  only,  and  by  aiiotlu  i  --ingle  series.  There 
were  thus  in  all  three  combinations  of  each  of  the  six  grevs 
with  each  of  the  twelve  colours.     The  total  number  of  experi- 
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ments  was  therefore  not  nearly  so  gnat  as  in  the  investiRution 
regarding  tlic  mixture  of  coloured  and  uncoloured  impressions. 
The  results,  however,  are  of  decided  interest.  They  are  in 
some  respects  more  regular  than  with  combinations  of  two 
colours,  and  exhibit  other  marked  differences  from  the  former 
results.  The  results  of  one  series  are  given  in  full  in  Tables 
XX  to  XXV.  The  results  of  all  three  Tics  are  summarized 
in  Tables  XXVI  to  XXVIII.  They  are  also  graphically 
represented  in  Curves  V  to  VII.  Curve  V  combines  the  r  suits 
in  Tables  XXVI  and  XXVII— tlie  results  for  one  observer. 
Curve  VI  represents  the  results  for  the  other  observer,  and 
Curve  VII  gives  the  combined  results  of  the  two  observers. 


Tahi.k   -XX— OhsKkvKK  1'.  '1".    Cm  v  \c 


I  IS  I-rvT  l:VK. 


Ciii.in-k  i\  Kir.MT  ICvi;.  ICi  i  in  ,,v  (.imiuna  i  ic.n. 

*<"' '   Rivalry  at   lirst  cif  lij-hf  fjri'y  ami  liriMiaiit   R-.l, 

I        thi'il  of  j;ivy  ami  dull  oraliK't'.  linallv     ini\iiit; 
I       '""rani^c-oi  low  saliiraliciii.  liut  hii;;i  iiiun:,i!v. 

Uranj;f-Kcil i  Sli^'lit    rivalry,    sulKi,lii,|r    al-nust    irmno.liatclv 

j       into  li),'ht  brinvii  iiiixturi'. 

Ofanue :   Lvss  rivalry.      Unstoadv  Imnvn  inixtiirv. 

Or.intie-Yelliiw :  Same  effect  as  with  uraiitjc,  onlv  IikIUit  1  ro-.vn. 

^'<'"°"' Mixture,    satiiratiun    Knnvinj,'    less    till    velluw 

lieenmes   very  faint. 

Yellow-Grccn Rivalry  at  first",  then  vell.iwish  inixlure. 

^'■'''•'" Mixture,   Kfwn  KraiUially   fading.      Final   effjei 

K'l'id  pea-Rreeii- 

Grcen-Blue .Xr  rivalry.     Grey-fjreen.  fading  tii  jrreeiiis]i  grcv. 

""i" \t  tirst  rivalry  of  blue  and  srey,  Ilieii  mixture. 

i       with  blue  iiredomin.-itinj;  at  Ventre  and  yrev 
I       at  periphery. 

^''"''•'' '  Rivalry  of    bluish  grey  and  pale  \iolet  in  .)uter 

I«jrtiiins  ;   in  centre,  mixture.  t;revish  \i..|eT. 

Vinlet-I'urple '  Strong  rivalry  of  j;reyish  yellow  and'purple. 

■'"'■pl"-' At  lirst   rivalry  between 'lii;ht  prey  and  purple 

of  less  saturation  than  when  seen  alone,  finally 
settlini;  into  a  faint  yellow,  with  at  times  a 
suf;,i;estion  of  pmk. 
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T\H1.K     Wl     -OllslRVhR,     PT         llKlV    No.    2    IS    I.KFT   T.v 


I'uiiM  u  IN  Right  Eye 
Kfil  ,  , 


(>r,iiij;,-Ue.l 


()r;ini;(' 

Or.uiKu-Vflluiv. 


\Mm 

Yollow-dreen.. . 
Circi'ii 


LiFKi  r  (IP  Combination 


SlroiiK  rivalry  at  lirst  between  reil  anil  Krey.  then 

less    ipniiinuiK-e<l    rivalry    lictween    red    and 

orant'i-re.l 
Sliffhl  rnalry  "f  ^rey  an.l  i)ran);e,  then  mixture 

oiaiiye  Willi  deeided  red  sjKJts.      Finally  settles 

into  a  l>rciwn 
Li>;lit    l.n.wn       No   rivalry. 
No  rivalry.     A  linlit  ^:rev,■  with  l.eaulifiil  oranm. 

tin(;e  in  parts, 
I'ale.    sliijluly    inennstant    v.-IIdw, 
Ctniiilete  ini.'itiirt.  very  siij'ulv  >,'reenisli  ;;rey 
<'"m|ilete    ini.Miirc.    li;;iu    i>ea-f;ri'en, 
C.reen-Blue Rivalry  of  ^rev  and    \.\m-.  selilinR  down   to   a 

liijht  grey    vlth  a  tin>;e  of  blue 

'<'"*-' I  Dark   Krey.    .^ith    sli-Iit    sn 

i       times, 
^'"'''■'' '   Rivalry  of   \iokt   and   yellowish   ^^'V    Always 

some   violet   in   places. 
Rivalry  of  yellowish  j;rev  and  pnrjile.     After  a 

time  grev  lasts  the  longer. 
Rivalry  at  lirst  of  lii,'ht  brown  and  purple,  setllinj; 

into  an  unsteady  pu'-plisri  brown. 


suKXestion   of   blue   at 


Violet -Purple 
Purple 


Table   XXII.— Observhh,  P.  T  .     Grev  No.  3  in  Left  Eye. 


CoLoiH  IN  Right  Eye. 


Effect  op  CoMnivATioN 


Red 


Orange-Red  . .  , 

Orange 

Orange- Yellow 

Yellow 

Yellow-Green  . . 

Green 

Green  blue  . .  .  . 

Blue 

Violet 


Violet-Purple 


Purple  , 


No  nvalry.     A   Iifjht  grey  with   slight  pinkish 

_  tinge. 
No  rivalry.     Surface  bright,  with  faint  tinge  of 

pink. 
A  faint  pink,  increasing  in  saturation  No  rivalry 
A  pinkish  white.     No  rivalry 
No  rivalry.     Mixture  appears  like  a  dirty  whi; 
Coinplete  mixture,   light  green 
A  very  light  grey,  with  a  suggestion  of  green 
No  rivalry.     An  agreeable  light  blue. 
Light  grey,  with  suggestion  of  blue. 
Rivalry  of  violet  and  yellowish  grey,  the  grey 

predominating. 
Slight  rivalry  at  first.     Soon   becomes  a  light 

grey,  with  suggestion  of    yellow.      A  portion 

of  surface  is  covered  with  faint  purple.  Around 

periphery  is  dark  blue. 
Oyer    a   light    brownish   surface    a    slight    and 

indefinite  purple  moves.     Around   periphery 

there  is  a  bluish  tinge. 
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Tabu    .Will    -Obsfuvfb  I' 


(IkKV  X,,    .1  IN  1,1,1  T  i;vi:. 


*■'"""■"    '^'    ^''''IT   I'^VI:  ICkKK.    1    IIK  CoMmvAnnV. 

'^'■'' Rivalry    of     while-    witli     ml    which    ;;ra.kiallv 

liiMi.nu's  of  less  satiiralioii 

liraiii;i'.Ru,i ■  Faint  oraniriv      No  rivalry 

"■■•'"(-'i' Rivalry  of  white  an,!  i.aie  rv.| 

()raiiK-e-\cllow Coiiiplete  mixture,  piiikivh  while 

^/'  ""■ Mixtt.re.    very    ln'ht     h.  .  wii 

\ '•'■"« •("■I'en I'erlVel    mixture,   lii^lit   ),Teen 

*;'■'■■'■" I'erfeit    mixture,    pale    |,e.i-reen 

ii'i'""""'^'"^" tom[,lete    mixture,    very    li),'ht    Mee 

':!"•-■ Rivalry  of  white  and  very  iiale  l.Iue, 

\"''^'' I 'ontiiiuous  rivalry. 

\iolet-Purple Rivalry,     (irey    appears    white.      Colour    never 

covers  whole  surface,  Init  is  stnmKer  around 

,  ed^es. 

''"T''^' ;  Con'inuous  rivalry.      The  f;rey  a[.p.-.irs  whi'e 


Table  XXIV.— Obskrver.  P.T.     Grey  No    5  in  Left  K 


Coi.oi  R  IN  Right  Eve  ! 


Effect  of  C 


J.MHINATION. 


Red 

Orange- Red 


OranRc 

Oranfje- Yellow 

Yellov»- 

Yellow-Green. . 

Green 

Green- Blue 


Blue 

Violet 

Yiolet-Purple. 
I'urple 


Strong  rivalry  of  red  with  white. 
Rivalry  of  white  and  dark  brown,  hrovvn  becom- 
ing  fainter  at  each   re-apjicarance 
No  rivalry.     Effect  is  yellowish  grey. 
A  distinct  yellow.      No  rivalry 
No    rivalry.     Very    faint    yellow 
Light    green.     No    rivalry." 
No  rivalry.     Effect   is   pea-green. 
Mixture,    varying    from    pale    to    very    decided 

green.     Centre  is  more  green  than  periiiherv 
Inconstant  mixture,  varying  from  bluish-white  to 

light  blue. 
Strong  rivalry  of  white  and  violet  :   violet  never 

covers  whole  surface, 
Rivalry  ;    grey  seems  white      Purple  is  dark 

but  only  comes  over  half  the  surface. 
Rivalry  ;    first   white,    then   purple,   which   on 

disappearing   leaves   a    yellowish    tinge,    then 

purple  eomes  again,  but  disappears  quickly. 


V 
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TM...K  XXV-OnsFRv.H,  I-.T     Gkkv  \„.  ft  ,^  Lnr,  Kvk 


Uam  «  ,.v  R.oHr  EvH. Ekkkct  op  Comb.s.  ri.,s 

Or'.L.,  h;.i I^^-'IO-  of  red  .-m,l  ^Mw. 

■'"*^"'*"' "':;;'  ?,."'  ".''"^  ""''  ''^""""h  rc-d.  the  ulmo 

f>  predominatint,' 

*•*•■ '^'^■"''•J';  ^hanKts  nut  very  rapid.      The  appc.r- 

^'"'"'•'^'^^" IndH.mU.   greyish    effm.    wl.kh    passes   mu.    . 

Cm-en  I       white.      No  rivalrv.  '       "•'""^a 

I        ,r  „     ,      •      "■"    «T"-    "■'"^■h    remains,    i.ut 

Hl,,„  „,«r"ws  less  saturated, 

:  '*';,^;,',';y.  "/.",'>'•••■  ^'"'>  ''Hie.  which  settles  intu  a 

Violet  ,,.'''''"-•■  »;'h  a  strcnKtinse  of  l,lue. 

K.valry    of    wlnle    and     violet.      Some    colour 

v:,,i ..  I,       ,                   i  always    remains    around    edi'i's 
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A".  >•(//»      I.  TIk'   ilianutii-   iH    tlif   riv;ilry    of   'In-   viMon- 
tiild     .lilT.rid   ill    -oim'   iiiiimrtuiit   rtsjuits  from   tiiat   which 
(KCuriKl  witli  tw.i  o.loiiis      (ill   Thfr»-  wire  iio  imm  ^  of  'com- 
pliti'  rivalry,"  i  r  ,  of  rivalry  of  sins;Ui<>iis  of  quii     the    aine 
I'h.ir.iitir  -IS  llio>.  ill  inonoviilar  vision,      liitlur  tin   uri-y  was 
l)rii;iitir   or  liad  >«>iiii-  tiiiKv  of  loloiir,  or  tiif  colour  was  of  li-s 
situralifin  or  i!iaii.;'.,l  in  loiii',  or  ^ivtral  or  all  of  tluso  inodi- 
licitions    uivurriil    toi;itliir      il.i   ( )raiiKV  rid,    oruiiKv,    and 
or.im;i  villow  viry  frtqmiitly,  ami  iviu   yellow  ami  piirpU- 
in   sonif  i-ast's,   iKcaiiK-  brown  or   hrowiiiili.      This  iit-ver  oc- 
currid  with  rt-d,    vliifli  wlitn  tuodilutl  appiarcd  kss  hriuht, 
or  of  Inwir  saluraiioii  li.f  ,  pitiki-,li.  or  dianuid  to  om.!  m   r.'d 
or  oraii^f.      It  was  not  iieahli'  tlii't  thr  hrowii  fiVn.'  laiiu'  not 
Irss  frii|iiiiilly  with  t!u'  hrinlitir  than  wiiU  tin-  d.ukcr  yriys. 
ici  Thr  rivalry,  iviu   whni  viry  jmniouncid   at   first,   very 
(rt(|neiitlv  sul  sided  more  or  less   (|uiek!y  into  an    inconstant, 
or  »ve!i  a  ])eruvl  mixture      kIi  The  plunotiiena  are  accord- 
in^l-    J.i-  iiied  in   llie  tal)les  in  this  section  upon  a  difierent 
hasi-.  Iroiu  that  adopte<l  in  the  two  j)recediiiK  sections.      In- 
stead oi  Mie  completeness  of  the  rivalry,  i.e..  the  al)sencc  of 
;'!!.    n.'Nlihcation  of  ilie  coiiii)etin,i,'  colours,   the  criterion  is 
it.-<  jiernumeiice,  or  tin    raj)idity  with  which  it  subsides.     The 
term  "incoustaui  mixture"  has  also  a  slightly  dilTerent  sig- 
nihcance  irotn  that  attached  to  it  it>  the  former  tables.     There 
it  was  extended  to  include  the  ca  .*  s  -vhcre  there  was  rivalry, 
sonietimcs  even  quite  prorimnci.il.  but     vitli  a  mixed  colour 
appearing  between  the  ah'   r.ati/t.    ■  ^  ' 
tables  it  is  used  only  for  ca'-       ■    .  ■•.     ' 


In  the   present 
was  no  rivalry, 


hevond  an  ur.steadine.ss  of  •'•■    n  •   .-1  '•.•. 

2.  CompleU'  mixture  ;.i  •..■    -.i;!,'.  a-  :  ; 
tlian  witli  twii  colours.     'Im        .^,     '  •■■ 
as  in  many  cases  the  two  ^iif  r  ■-    -    •     ..) 
a  coloured  and  an  uncoloured  ;:    ■•      - ''  n. 

T,.  Comparison  of  the  variou  •  L.io>ii- 
with  which  they  mix  binocularly  with  uncoloured  light  shows 
that  their  relative  (juiescence  is  not  quite  the  same  when  tiiey 
are  combined  with  uiicolouretl  light  as  when  they  are  combined 


'  as  less  common 

■i.-,  to  be  expected, 

Ii  more  alike  than 


as  to  the  facility 
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witli  one  anot'ier.  The  reKions  of  nio>.|  strenuous  rivalry, 
as  will  \)4-  ,ipri  iv  a  glance  ;it  Curvt .  V  to  VII,  are  at  the  very- 
ends  of  the  '>pectruin,  ami  the  region  wiiert-  most  mixture 
occurs  is  about  at  the  middle,  i 'le  gradation  U-twien  these 
extrenu-  iH-in^'  on  the  whole  quit  rcRular.  The  colour  with 
which  most  lufxtiire  occurred  is  in  each  of  the  curves  shown 
to  be  yellow  green  Flerc  the  rivalry  of  the  fields  was  scarcely 
ever  very  pronounced,  and  usuallv  did  not  occur  at  all  With 
violet,  violet-purple,  and  purjile,  (vhid;  ap|M-ar  at  or  near  the 
maximum,  the  rivalry  was  not,  perhaps,  so  much  more  marked 
than  with  some  otlier  colours,  but  it  was  more  persistent. 
The  impression  did  not  settle  into  any  one  colour  so  frequently 
as  with  otl  IT  combinations. 

4  The  greys  wl  ,h  mixed  best  were  those  of  medium 
brightness.  This  was  the  case  in  spile  of  the  fact  that  tiie 
intensities  of  the  i;rey  and  the  colour  used  in  eacii  experiment 
were  always  carefully  equalized  l)y  the  adjustment  of  the  lamps. 
.■;  The  i  lours  lostly  tendetl  to  In-come  fainter  when  re- 
garded for  a  time.  In  some  cases,  however,  they  persiste  V 
and  in  a  few  instances  they  even  became  more  pronounced 
after  a  time  than  at  first. 

(>.  In  a  number  of  cases  with  violet,  violet-purple  and 
purple  the  competing  grey  had  a  yellow  tinge.  This  occurred 
both  witli  the  deeper  and  the  lighter  greys.  As,  according 
to  the  results  of  Miss  Baker,"  who  used  the  same  colours, 
violet  and  yellow-green  are  about  complementarv,  these  are 
probably  to  be  regardetl  as  cases  of  binocular  contrast. 

7.  The  stereoscopic  effect  was  found  to  be  practically 
completely  preserved  in  almost  every  case.  The  exceptions 
occurred  near  the  beginning  of  'he  experiments  when  the  eyes 
of  the  observer,  being  unused  to  tiie  conditions,  were  probably 
more  easily  fatigued.  When  these  experiments  were  repeated 
later  it  was  found  that  in  every  case  the  stereoscopic  effect 
was  complete. 

(41  Mixture  of  colours  covering  the  entire  vision-field.  The 
experiments  so  far  reported  were  all  made  with  surfaces  or 
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objects  covering  only  a  portion  of  the  vision -field,  the  remain- 
der being  darkened.     The  following  experiments  were  <liffer- 
ently  arranged,  the  colours  covering  the  whole  of  the  field 
of  vision,  so  that  not  only  were  the  colours  more  extended 
spacially,  but  also  the  possibility  of  comparison   was  lessened. 
The  apparatus  consisted  simply  of  a  large  pair  of  goggles 
similar  to  those  worn  by  automobilists,  but  with  removable 
glasses.     The  frames  of  the  goggles  were  fitted  with  grooves, 
closed  at  the  bottom,  but  left  open  at  the  top,  into  which 
square  glass  slides  could  be  easily  inserted.     The  goggles  were 
fitted  closely  to  the  face  by  means  of  some  light  fur  attached 
to  the  back  of  the  frames,  so  that  they  could  be  adjusted  with 
comfort  to  the  observer,  and  yet  exclude  all  light.     They  were 
held  snugly  in  place  by  an  elastic  band  which  went  round  the 
head.     Two  sets  of  coloured  glass  slides  were  used.     One  was 
of  mineral-dyed  glasses,  five  in  number,  the  colours  being  red, 
yellow,  green,  blue  and  violet.     The  other  set  was  composed 
of  coloured  gelatine  combinations  placed  between  thin  sheets 
of  plain  glass.     These  were  twelve  in  number,  and  divided 
the  entire  spectrum  into  approximately  equal  sections.     Slides 
of  uncoloured  plate  glass  were  also  used.   The  spectroscopical 
analysis  of  the  colours  used  is  as  follows  : 

Spectroscopical  .Analysis  of  the  Colours  Used. 

I. — Gelatine  Coloi  ks.  


Colour. 


Undiminished  in  ;      Somewhat 
Intensity.  Weaker 


Very  Weak. 


Red  (I) 720— 5».; 

Orange  (2) 720—5.^0 

Orange- Yellow  (3).  720— V'O 

Yellow   (4) 7^0—500 

Vellow-Grecn   (5)..  580—41)0 

Green  (6) 5S0— 4*5 

Green-Blue  (7) 570—440 

Blue-Green  (8) 540—440 

Blue  M 5.50—425 

470  — V  enil  1 

Violet    (10) 720 -(150       1 

510 — V  end  \ 

Violet- Purple  (11).  7,0—620       ( 

Purple   (12) 720—5(10 


560—530 

520 — 510 

510 — 480 
(  650 — 580  1 
'(  4l)0— 440  I 
t  730— 6S0  I 
■j  (110— -580  \ 
I  465 — 450) 
(  440—425  \ 
(  5no — 570  I 
I  570  —  540  \ 
\  440—430  t 

560—530 

500 — 470 

(  620— 5<)0l 
\  530 — 510  ( 
4S0 — V  end 


500 — 410 
I  580 — 5O0  \ 

1.470—440  r 

4S0— 455 


.•  7.50 
1 450- 


-6, So  \ 
-4,(5  • 


730 Oi)0 

(  425—410) 

l  720 — 60  5  ,1 


590— 4S0 
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II.— MlNKRAL    C'OLCIIHS 


Colour 


L'ndiminishtil  in 
Intensilv 


Somt'what 
Weaker. 


Ven-  VVe.k. 


Re.l  ., 
Yellow. 

Green. . 
Blue.... 
Violet.. 


720 — <>io 
7  ■0—550 

600 — 500 

*  570- 
t  440  - 


■550 
-end 


610 5  (JO 

550—41,0 
*  6  ^o — f)oo  ) 
I  500 — 460  (■ 
f  6.^o — (100  I 
i  550 — 4(>o  (" 
1  7iO  — 5jo  \ 
I  -t.^o — \'  end  1' 


4(,0 — 4(0 

4(10—440 

*  7.?o — 640  ) 
I  660 — 570  / 

5.(0—450 


In   cxpcrimcntinfi;.    the  gORgles.    without   anv   glas.scs   in 
were  first  adjusted  over  the  observer  s  eves.     He  then  closed 
his  eyes,  and  a  pair  of  difTerently  coloured  glasses  were  sHpped 
into  place  by  the  experimenter.     Tlie  observer  was  then  told 
to  open  his  eyes.  bcinR  careful  to  open  both  at  once,  an<l  not 
at  any  time  to  close  one  eye  alone.     Observations  were  then 
made  regarding  the  colour  of  objects  both  within  and  without 
the  room.     In  observing  objects  outside,  care  had  to  be  ex- 
ercised to  seat  the  obscrv'er  before  the  window  so  tliat  there 
should  be  no  interference  from  the  l)ars  of  the  window  sash 
If  the  vertical  centre  bar  of  the  sash  came  in  the  middle  of 
the  field  It  was  found  that  the  colours  on  the  two  sides  were 
more  readily  distinguished.     The  observer  was  seated  at  the 
window  at  the  beginning  of  the  experiments,  and  looking  out 
reported    the   appearance   01    everything   in    the   vision-field 
generally,  i.e.,  whether  darker  or  brighter  than  ordinarv    or 
whether  there  was  any  definite  prevailing  colour  tone  '    He 
then  reported  the  appearance  of  prominent  objects  in  the  land- 
scape, such  as  the  sky,  trees,  a  bright  yellow  house  with  dark 
green  shutters,  a  red  brick  outhouse,  snow  and  grass    grev 
bnck  and  stonework  of  the  University  buildings,  a  slate  roof 
just  outside  the  window.     After  this  some  obser^•ati<.n  was 
made  of  objects  within    the  room.     Then  the  observer  was 
handed  two  large  cards,  one  l)lack  an.l  one  white,  on  >;,ch  of 
which  were  arranged  in  a  circle  twentv  small   discs  of  coloured 
paper,  mostly  of  the  Milton- Bradley  series,  of  approximatelv 
e-iual  spectral  diflferences,  and  he  was  asked  to  give  his  judg- 
ment of  several  of  the  colours.     Then  he  was  asked  to  raise 
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his  eyes  and  tell,  as  nearly  as  he  was  able,  what  colours  were 
before  his  eyes.  Finally  the  observer  closed  his  eyes,  the 
goggles  were  removed  and  he  was  then  directed  to  open  his 
eyes, to  look  with  crossed  eyes,  and  to  report  what  after-effect, if 
any,  he  saw.  Two  complete  series  of  experiments  were  made 
witli  tlie  gelatine  colours,  each  for  a  different  observer.  In 
each  series  one  constant  colour  was  employed,  with  which 
each  of  the  others  was  in  turn  combined.  The  series,  however, 
was  nol  carried  on  uninterruptedly,  but  other  combinations 
were  interspersed,  so  that  the  observer  was  not  only  ignorant 
of  the  actual  colours  of  the  glasses  at  any  time  before  his  eyes, 
but  was  not  even  aware  of  any  constant  colour  being  used. 
A  series  was  also  made  with  combinations  of  mineral-dyed 
and  plaii'.  glasses,  which  was  not,  however,  arranged  in  any 
definite  order.  The  results  of  the  three  series  arc  given  fully 
in  Tables  XXIX  to  XXXI. 

Three  other  observers  also  made  series  of  experiments, 
using  the  six  mineral-dyed  glasses  only.  The  results  of  these 
art  not  given  in  extenso,  as  their  general  character  is  similar 
to  tilt  results  obtained  by  the  former  obsers'ers,  None  of 
the  results  lend  themselves  very  readily  to  tabulation  in  more 
condensed  form,  owing  to  tlie  irregularity  of  the  effects  of 
the  combinations  of  colours  upon  the  colour  of  objects  in  the 
vision-field.  The  appended  summary  of  results,  however, 
is  based  upon  the  reports  of  the  five  observers. 

Tablk  XXIX.— Blle-Gref.n  (N'o.  S^  Before  Right  Eve. 


Left  F.vo 


Rep  jrt. 


Rksilts 


t'oliuir  of 

Siirrouii'iin^ 

Objects. 


liverythiii),'  lonki'd  red  ami  briRliter  than  nor- 
niallv.  Red  brick  null  appeared  brighter  red. 
The  hancU  had  .i  su)JK'-'^''o"  <'f  yellow  over  them 
There  \va.s  no  ri\'alrv  of  the  vision  fields. 


Red 


(N, 


Colours  on      No  gcK>d  preen  seen  at  all.     No.  i  5  (a  dark  blue)  is 
Card  the  only  ijood  blue. 


Colour  of 
Glasses 


(.'annot    tell    what   colours. 


After-KtTcil 
With  Crossed     From  rij;ht  eve  red.  from  left  jjreenish. 
Kves 
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(."limr 
Before- 
Left  Eye 


.Subject  D!" 
Report 


Rksilts. 


Orange 

(No.  2) 


Colour  of 

Surrounilint; 

Objects. 

Colours  on 
Card 

Colour  of 
Glasses. 

After-EfTect 

With  Crossed 

Eves. 


I'.vcrythiiij;  uiipearcd  a  little  darker. 


No  Koofi  B^een  or  blue.      Xos.  2  and   ,  (dark  and 
light  red)  had  lustre. 


Yellow  on  ug,\n  side  and  blue  on  left 


Trom  rij;ht  eye  bluish,  from  left  eye  no 


Orange- 

Yclkm- 
(No   ,,) 


Colour  of 

Surrounding 

Objects. 


Colours  on 
Car.l. 


(This  experiment  v;.i.-.  performed  on  a  dark  dav  ) 
hverything  much  darker  Yellow  painted 
house  had  lost  its  yellow  colour.  Slight  rn  alrv 
between  yellow-green  and  violet.  Snow  hail 
a  yell.iw-green  tinge.  Trees  and  stone  sills  of 
buildmgs  were  tmged  with  \iolet,  dingv  white 
brick  appeared  purplish. 


No  good  blue.  Nos.  i.  j,  ,,  ^  and  :;  ha,l  lustre. 
iS  and  IQ  (\iokt  and  violet -purple  1  were 
brown  with  slight  suggestion  of  vi..let 


Colour  of 
Glasses. 

After-EtTect 

With  Crossetl 
Eves 


Could  not  tell  at  end  of  experiment,  but  from 
memory  of  first  impressions  judged  \iolet  on 
left  and   yellow-green  on   right 


From  right  eye  blue,  from  left  no  colour. 


Yellow 
(No.  4  : 


Colour  of 

Snrroundini; 

Objects.  ■ 


Colours  .in 
Card. 


Ked  brick  building  looke.l  rediler  than  it  was 
ronu-mbercl.  Sky  w,is  l)U.e-grceii  Yellow 
house  was  a  mixture  of  yellow  and  pink. 
Hand-  ,ind  face  of  experimenter  loi. kid  j;hastlv 
with  violet  tinge  an.un.l  e.lges.  E.ervthiiiK 
a  little  d.irker. 


.\o  reil.  Kci!  and  c^rangc  di.scs  ai.pcarcd  duxo- 
lale.  f>  and  7  (orange-vellow  ,11. d  vri]ow- 
orange)  were  go, id  browns.'  17,  i,Sand  r..'  iblue- 
Molet,  violet,  and  \  iolet-purple)  were  dark 
grey  with  a  tinge  of  violet 


Colour  of 
Glasses. 


Blue  on  right,  green  on  left. 


-Uter-EtTect 
W'itli  Crossed     From  riirht  eye  blue,  from  left  no  co'.o.n 
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Table  XXIX — (Continukd). 


Imour 

Before 

Left  Eve 


Subject  of 
Report. 


Rksl'Lts. 


'     Colour  of 
1  Surrounding 
'      Objects. 


Everything  a  little  darker.  Yellow  house  ap- 
iieared  dirty  vfllo.v  with  a  little  green.  Sky 
uluish-green.  Fare  pallid,  lips  almost  colour- 
less.    Not    the   least    rivalry. 


Yellow- 
Green 

(No.  5) 


Colours  on 
Card. 


No  red.  Red  and  orange  appeared  dark  brown 
or  chocolate.  No  14  (blue-green)  appeared 
bluish-grey. 


Colour  of 
Glasses 


Bluish  on  right,  green  on  left. 


After-Eflect 

With  Crossed 

Eves. 


From  right  eye  purplish,  from  left  eye  brownish. 


Green 

(No.  61 


Colour  of 

Surrounding 

Objects. 


Colours  on 
Card. 


(No  sun  shining).  Everything  dark  Snow 
greenish.  Yellow  house  appeared  dirty  yello*' 
with  a  little  green.  Sky  bluish-green.  Face 
pallid,  lips  almost  colourless.     Not  the  least 


pallid.   lips 
rivalry. 


No  red.     Reds  were  brown  or  chocolate. 


Colour  of 
Glasses. 

After-EfTect 

With  Crossed 

Eyes 


Could  not  tell  at  all.. 


From  right  eye  purple,  from  left  no  colour. 


Green- 
Blue 

vNo.  7) 


Colour  of 

Surrounding 

Ojects. 

Colours  on 
Card. 

Colour  of 
Glasses. 


Everything  darker.  Red  brick  wall  greyish. 
Snow  darker  than  usual.  Sky  had  leaden 
appearance.  Hand  looked  darker  than  usual 
with  greenish  lustre  around  edge. 


No  red.      Reds  were  dark  brown.     No    13  (very 
greenish-blue)    almost   colourless. 


Blue,  tnit  could  not  distinguish  sides 


Colour  of       Yellow  house  Kxiked  pink.     White  and  red  brick 

Surrounding         both    appeared    red.     Snow    and    sky    looked 

Objects.  blue.     Face  pallid,  and  no  colour  in  lips  at  all. 


Blue 
(No.  g) 


Nos     j-s    dark     reddish-brown.     No    yellow   on 

card      6    and    7    (orange-yellow     and    yellow- 

Colour-^  on  orange)     were    dark     brown       No.     9     (green- 

(^■ar  I  vellow)  was  pink.     8  and  10  (yellow  and  yel- 

iiiw-grcen)     were     dark   brown.      11     and     n 

l>;reen)  were  dark  grey. 

Colour  of        Blue  on  right.     Could  not  tell  what  colour  on  left. 
Glasses 


Aftcr-Effect  ,  ,  ,  , 

With  Crossed     From  right  eye  green,  from  left  no  crjlour. 

Eves        ^^^^__^__^_^— — ^-^-^-^— 
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Colour 

Before 

Led  Eye. 


Subject  of 
Report. 


Results 


Colour  of       Everything  very  dark      Red  brick  wall  fiery  red. 
urroundin^        Sky  dart  blue.     Yellow  wall  had  pinkish  tinge. 


Surrounding 
i      Objects 


Hands  were  purplish. 


Violet 
(No   lo) 


„  ,  *•  J    *"''   "   (orange  yellow  and   yellow)    varied 

Colours  on  between  red  and  yellow,     j,   ,  and  <  (red  and 

Card.  orange)  were  very  brilliant  reds.     4   (orange- 

red)  was  a  beautiful  pink. 


Colour  of       n,  ,  , 

Glasses.         °'"'  °"  '*"■  °"  "8ht  could  not  tell. 


After-Effcct 

With  Cros.sed     From  right  eye  greenish,  from  left  eve  red. 
Eyes. 


I     Colour  of        ..     _...        .     , 

Surrounding    t^'erythmg   had    .      ,        ....„.,    _ „ 

Objects.  darker.     Snow  was  bluish,  hands  reddish. 


Everything   had    purple    tinge,    and    was    much 

rtartr«r         Qni^n,    umo    KI-.^oU      i i_    ^     *  ■■    ■ 


Violet- 
Purple 
(No.  11) 


Colours  on      ».  ■      .       „ 

Card.  ^o  good  red,  yellow  or  blue. 


Colour  of 
Glasses. 


Left,    blue  or  violet  ;    right,  could  not  tell. 


After-EfTect 
With  Crossed    From  right  eve  faint  red,  from  left  eye  ereen 

Eyes.  * 


Colour  of 
,  Surrounding 
!      Objects. 


Shadows  from  trees  and  buildings  were  purple- 
violet.  Everything  darker.  Skv  pink  and 
blue.  Yellow  house  appeared  as  without 
glasses.     Red  brick  wall  had  some  yellow  in  it. 


Purple 
(No.  ij) 


Green  entirely  absent.     Nos.  1  and  4  had  slight 
Colours  on  lustre      No.  9  (green-yellow)  appeared  white. 

Card.  No.   13  (green-blue)  appeared  grey  with  a  sug 


gestion  of  blue. 


!    Colour  of       „,  .  . , 

i      Glasses.        °'"*  °"  "Sht,  purple  on  left. 


I  After-Effcct 

I  With  Crossed    From  right  eye  green ,  from  left  eye  brown 

I        Eyes. 
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Table  XXX  — Ykllow-Ghern  (No.  5)  Bbi-ork  Lr.rr  Kvk 


Colour 

Before  Subject 

Right  Eye     of  Report. 


ReSI  LTS. 


Whole  vision  fiel<l  darker      Slight  rivalry  of  uritn 
Colour  of  »"<'P"ik.  but  green  soon  entirelv  disappi-arcd 

Surrounding         ''^T'^  yellow  r)r  brf)wn  leaves  appeared  bright 


Objects. 


yellow.  Yellow  house  brighter  Circcii  lines 
of  nofe-lxKik  were  purple  Skv  had  a  purplish 
tinge,  and  darker  than  usual.  ' 


Red 

(No,  I) 


Colours  on      Yello>vs    less    saturated      Most    of    the   clours 
Lard.  puri)lish 


Colour  of       On   right,    purple,   on   left,   could   not    tell,   but 
(jlasses  thought  yellow. 


After  Rflfect 

With  Cros.sed    Knim  right  eve  faint  red,  from  left   green 
bves  " 


Colour  of       Everything  darker.     Some  rivalry  at  tirst    Later, 
Surrounding        "''ours     blended,     and     appeared     something 
f"" "  lietween   red   and    purple.      Yellow   hnu,e   was 


Objects 


lighter  yellow. 


Orange 

(\o.    1) 


,,  ,  '•'*;   ">■  "■»"''  '°  <\i"let.  violet-purple  and  purple) 

Colour,  on  had  nearly  lost  their  vioUt  or  purple  tone,  and 

I  ard.  were  of  a  dingy  hue       ,\o    h   (orango-vellow) 

was  between  brown  anil  dark  yellow       " 


Colour  of  .  , 

masses.         ""  "K"'  violet,  on  left  could  not  say. 


After-EfTect 

With  Crossed     Frn,n  right  eye  violet,  from  left  no  colour 
I'-ves 


(Sun  shining  bnghtly).      Everything  has  a  veil.m- 

Colour  of  ,mt.      Slight  rivalry  at   tirst,  but  s,.„n  cease.l 

Surrounding         (,reen    tir-tree   dark    green,    but    more    vellow- 

UUjects.  green  where  sun  shines  on  it       Red  brick  nail 

afipearcd    dull    reddish-lirown 

Orange .^ _____^__ 

Yellow        Colours  on      ^  ~ 

f\o.  ,V  Card.  (Teens  nearer  yellow.      Blues  mr.re  purplish. 


Colour  of        Slight      ye!l.)w     tinge      Could     no- 
(.l.isses.  Ijetween  the  two  sides. 

After-EtTect     None  from  either  eve 


di-'i-u'uish 


Colour  of        „  ,  ,         ,      . 

Surroun.ling     '-^l-'rytlimg     had     bright 
Objects. 


,     .  -       -. How     tint 

house  as  usual.      .\.>   rivalrv. 


Yellow 


Yellow 
(No.  4) 


Colours  on      Orcc-m   more   bluish. 
C.ird.  Iiisirc 


,\o 


!    :i!l.l     ;     h,„l    oi,„ht 


I     Colour  of 
Cflasses 


Biith  eves  h.ii!  yellr.w  gl.i* 
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Colour        o   ,       ,     , 
Before        ^t'Zl"^ 
Right  Kyc       '*'=''""• 


Res  I 


Colour  of 
Surrounding    Sky  dark  l.lue.     Hand  pallid. 
Objects.  "^ 


Green 

(No.  6) 


,,  ,  I**"!  an'l  orange  appeared  l.rownish.      Two  iar<ls 

lolouis  on  one  black,  the  other  white,  with  the  same  colour's 

Cards.  on.  Iwing  shown,  the  colours  were  observed  to 

show  up  Iwtter  on  the  dark  card. 


Colour  of        ,,    ,.       .  .       .,..,,. 
Glas.ses         ""  '"^  "«"'  '*"'••■  ''K^t  blue,  on  left,  yellow. 


After-Kffi-ct     Kron.  n-ht  side  a  slight  pink,  from  left  side  yellow. 


Green- 
Blue 
(No.  7) 


Colour  of        (Experiment     performed    in     bright    sunshine.) 

Surrounding        tverythini;    tinged    with     yellow-green,    and 

Objects.  seems  dull.      Vellow   house  appears   as  usual. 

Cannot  distinguish  red  bricks  of  the  barn  as  red. 


C»ilours  on 


Card.  Ui3cnmination  much  the  .same  as  without  glasses. 


Blue 
Green 

(.No.  «) 


Blue 

(.N'o.  0) 


olour  of        Could  not  say  decidedly,  but  had  a  vagu>.'  impres- 
Ulasses  sion  of  green 


After-Eflect.     No  after-effect. 


of  tverything  much  darker,  and  ha.l  a  slight  yellow 
ling  tinge  Vellow  house  was  (|uite  vellow.  '  Snow- 
where  sun  shining  on  it  was  bluish 


Colours  on       Reds  apix-ared  .lark  brown,  so  dark  as  to  be  almost 
tard.  without  colour 


Colour  of        „,  .  , 

Glas.ses.  ■"'"'  '■■"  "K^t.  yellow  on  left. 


After-EtTect      '""'■"'"  '*'''  "V^'  ^"'"l<'t.      No  after-effect  from  right 
eve. 


•\I    'irst    slijjlit   ri\alrv   between    bhie  and   green 

I  olour 'if  which  s,»m  cea.-ieil.     Sii,>w  .md  vcll..w  buil.ljii,^ 

hurroun,1,ng         had   n..nn:,l  appearance       Skv   appeared   .lark 

Objects.  blue.      ( It    was  really  light   blue-grcv  )      Han. I 

ha.l  a  palli.l  apywarance 

C.,|..ur-i..n       ^','    ■   ■■•Iipeare.l  .lark  brown.      No.    ,   ,lark  .lirtv 
Card.  bniwn,      N. .  g. ,, „ I  red       i  i  an.l  i  2  (jjrecn)  were 

blue-green. 


C.il.mro; 
(ilasses. 


Could  n..t  tell  what  .-..Lmrs  lie  ha.l  on  his  eves,  but 
there  seemed  a  tinge  .if  blue  .n-er  the' visi.m- 
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Table  XXX — (Continuid). 


Colour       4.  .  .    ^    , 
Before       S>«bjecto( 
Right  Eye       J^POrt 


RbS1:|,T3. 


Colour  of 

Surrounding 

Objects. 


Violet 
(No.  10) 


iA/ter.Effect.l  Vi'^l^'^mKifteye,  no  effect  from  right  eye. 


Colours  on 
Card 


3ett??.^  «  ha«y  appea.ance  with  a  little 
yeUow  Yellow  house  had  a  slight  tinge  of 
green.      Hand,    looked    a    little    aarker    than 

^nv  K°?*^'""'"l-.'°°'''"8P"»  the  edge  of 
any  object,  eg  .  chimney,  tfiere  appeared  a 
purplish  tinge  approaching  red  The  violet 
tinge  to  everything  disappeared  and  again  re-ap- 
]^tZt  "  ',"  '•'^■"PPearance.  the  han.is  had  a 
werrslUl^blui'"'^'  ""''  "■-^-"'"•s  l.ps 


Colour  of 
Glasses. 


No 


\J^  (fff^e"!   was  yellow  with  slight  greenish 
tendency.     No,    .7    (blue-violet)   tas    "  dark 


blue 


On  right,  light  blue,  on  left  could  not  tell. 


I    Colour  of    I 

Surrounding  I 

Objects. 


(txpennipnt  performe.l  on  a  dull  day)  \ 
rn"J'r  Jl  ""R^.°i;ef  everything,  gradually  grow- 
n?>vn   ■    "Kh'''"le  a  little  darker    than    left 

bSlesi        "^''^'»'-'''"''  "P"  ''»  "'""«'■  "almost 


Purple. 
(No.  I  a) 


Colours  on 
Card. 


Colour  of 
GIas.ses. 


No  I  appeared  brr>nze  or  brownish-orange  No 
10  (yellow.green)  was  a  pale  vellow.  .N'o  ,j 
(green)  wa-s  yellowish-blue  Slight  lustre  from 
iNos,   2  ana  3. 


On  right,  light  pink,  on  left,  very  light  pink. 


After-Effect.     No  aftcr-rffprt 
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Colour 

-      Siiliject  of 

Right    Left        Report. 
Eye      Eye 


Kilt 


e 
> 

13 


Colour  of 

Surrounding 

Objects. 


Colour  I'f 
GUsses 


The  whole  vision-rield  had  «  |)urplish  tinffe 
and  the  li^ht  was  dimmer.  Cira-ss  where 
nun  shone  on  it  was  more  yt!lo«iih  tliaii 
u?".  I!"  e^'rgreon  tree  was  almost 
hlack.  The  relation  of  white  and  yellow  in 
the  yellow  house  (cornice,  etc  ,  white)  was 
alwut  normal,  the  colour  ^•Kmy^  darker  than 
rememlwred.  Skv  apjwared  purplish,  the 
colour  tiemj;  more  prominent  on  suddenly 
tummR  to  look  up  at  it.  Hands  had  an 
unnatural  appearance,  hardly  .IcscriLahlc 


'  mnot  tell  anything  aVnjut  coloui  of  glasses 


■^i^n-VMfy^K      Vory  bright,  but  no  after-image. 

Colour  of 
Surround 
Objects 


i^oiour  oi        „, 
Surroundmg     "V.  ^i'<"mcd  .i  brownish  red.  getting  darker 
"'  ■     •  ^  «•""»•  leaves  seemed  dark  brown  in  centre. 


Colouison      No    JO  (purple)  was  purplish-red       ii(grecr) 
Card  was  normal. 


Colour  of       ^      . 
Glasses.  '"  "Kht  a  shade  of  red.  on  left,  green 


After-Effect. 


Indefinite  impres.siun  of  colour,  quickly  dis- 
appearing .No  distinction  lietwc-n  the'sides 


c 

iE 


Colour  of 
Surro       !ing 

Obj..  :s. 


This  exiwrimcnt  w.is  performed  on  a  dark  day. 
There  was  a  pinkish  tinge  gradually  growing 
lighter  the  nght  e\-e  Injing  a  litt'le  darker 
than  the  other  The  dark  yellow  leaves 
appear  light  yellow  The  experimenters 
face  appeared  corpse-like,  the  lips  blw)  r,.s. 


Colours  on 
Card 


Nos.  2  and  3  had  lustre 


Colour  of 
Glasses. 


Or.  right  eye  light  pink,  on  itit, 
pink 


ver)-  light 


After-Ell  ert 


Colour  of 
Surrounding' 

Objets. 


Only  effect  is  th.it  on  removing  glasses  every- 
thing is  brighter. 


This  experiment  was  perfonneii  on  a  dull  day 
On  opening  the  i-ves  the  right  ,ve  seemed  to 
have  a  shade  of  yellow  the  left  having  a  very 
slight  tinge  of  the  same  colour  The  elTect 
on  the  right  eye  seemed  to  W  yrowine 
weaker  •" 
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KiKht     l.i-fi 
Kyi"      Kyi' 


S\ib]vct  of 
Ki'jHirt 


Rkhi  LTl, 


e 

'J 

5 


9 


s 


c 

1 

£ 


Ciilour  lit        In  ritiht  eye  li)(ht  yellow,  in  left  verv  iii<l<-hnite. 
Ola»>r»  unit  couM  not  tell  what  colour    it  .iii\ 


w.      Ktt    ,     After   removine   glanneii   and    l>iinkinR,    very 
rttter-tneci         f^^^^  ,1^^^. ,,;  purple  (nedativc  after-image). 


y. 


lV>lour  of 

Surroumlini; 

Olijctlii 

I'olours  on 
Ciinl 

Colour  of 
(ilasses. 


"olour  of 

SurrounilinK 

Olijfiti 


On  o|wnin({  the  eyes  the  visiontieM  »»rme<l 
somewhat  darkened.  Rivalry  of  yellow 
and  blue  followed. 

No  t,\  ((jreen-bluc)  was  u  pale  liUu'.  I.ut  with 
no  ifreen  in  it  -No  i?  (a  Krev'n  near  to 
yellow)  was  'luite  yellow 

On  riRht  violet  or  blue,  on  left,  cannot  tell 


Evervthins;  appeared  briRhter.  with  pink 
shiidc  The  yellow  house  i«  r.ither  a  dark 
yellow  The  colour  of  the  (Rreeii,  shutters 
could  not  lie  determined  The  cxperi- 
aicnters  face  hait  a  bluish  tinge,  as  if  cold 


Colours  on 
Card. 


Reds  ha<l  lustre  effect 
was    "  light    green  " 
was  a  greyish  blue 


No    lo  (yellow  green) 
No      i.i    igreeu-blue) 


Colour  of 

(  Vl.tssCS 


On  n/ht  eye  blue,  on  left,  green 


Summary  oj  Results,  i.  Compttition  or  rivalry  of  the 
vision  fuUls  is  ntvtr  prominent.  In  some  cases,  on  first  open- 
ing the  eyes  tliere  was  a  sli^lit  strugsle  of  tlie  impressions, 
but  tliis  s<K)n  ceased,  and  after  a  few  moments  tlie  competition 
was  no  IjnK'er  oliservahle.  Tlie  observer  was  fretiiiently 
unable  to  distinguish  between  the  colours  of  the  two  glasses, 
even  when  attendiiij;  exclusively  to  tiiis  point. 

2.  The  result  of  the  mixture  of  tlie  two  imiiressioiis  was 
not  usuallv,  as  with  the  former  method  of  binocular  mixture, 
to  produce  a  colour  midway  between  the  two  that  were  com- 
bined     Sotneliiius  tlie  total  impression  would  be  (piite  near 
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to  tlic  quality  of  one  ot  other  of  the  moii.Rular  colours,  hut 
even  wlien  it  was  quite  unlike  either  of  them  the  result  was 
not  always  that  pro<lueetl  by  other  inetluxls  «if  mixing. 

,V  The  colour  quality  of  the  impression  was  usually  very 
vague.  Coloure.1  objects  in  tlie  field  of  vision  were  noticed 
to  have  a  different  appearance  from  that  remembered,  but  the 
attempt  to  tell  what  was  the  c.ilour  of  the  K'lasses  l)efore  the 
eyes  wa>  seldom  successful.  Often  n  was  only  conceriiini; 
one  side  that  the  obser\er  could  y  •  p  dccide<l  opinion  Sel- 
dom did  his  judRinent  corresix-  )  ..  the  „bjective  facts. 
vSonutinus  he  would  be  riijht  as  to  one  of  the  colours,  but 
wron«  as  to  the  other.  And  even  when  appro.ximately  correct 
as  tf)  the  colours  of  l)oth  glasses,  he  would  often  Ik-  mistaken 
reRardim;  the  eyes  before  which  the  respective  colours  were 
presented. 

4  The  rather  frequent  ap|M'aranc<-  of  a  lustre  effect  is 
noteworthy.  This  phenomenon  appt;ired  onlv  ufxin  red  or 
oran«e-coloured  surfaces  (except  once  or  twici  with  ]nir]^h) 
of  small  area  It  w;is  mostly  upon  the  small  coloured  discs 
on  the  card  that  it  was  noticed.  It  was,  however,  quite 
plainly  seen  ujwn  the  ver>-  small,  bright  red  haves  of  ivy, 
growing  round  a  stone  chinnie\  just  outside  tlie  window. 

HI.    STEREOSCOPIC    USTRE     HKOM     DIKFERE.VCE    <.K     INTENSITY 
.\NI)  OF   COI.OfR    HETWEK.V    THE    RETIN.M,   IM.\OES. 

In  the  previous  article,  dealing'  with  the  intensitv  relations 
of  stereoscopic  vision'  there  were  described  some  experiments 
upon  tlic  production  of  lustre  by  diiTerences  of  brixlitness 
between  the  images  in  the  two  eyes.  A  further  problem  in 
that  connection  was  suRKested  by  the  residts  of  the  experi- 
ments in  biniK-ular  mixture  of  colours,  reported  in  a  precedimj 
section  of  tlie  present  article.  As  tnentioned  tiicre,  tliere 
occurred  <inite  frequently  a  lustre  effect,  which,  upon  closer 
examination,  appeared  to  be  due  to  differences  of  intensity 
so   sliv'ht    as   to   liave   otherwise   passed    unnoticed.     In    tlie 

'  I-'MivoRity  of  Toronto  Stu.lies    I'svcli,  Sera-,.  Vol    ,i    .\-„    , 
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experiments  upon  stereoscopic  lustre  with  uncoloured  light 
such  very  slight  differences  of  brightness  had  not  been  found 
to  produce  the  phenomenon,  so  that  it  seemed  probable  that 
the  effect  would  appear  with  smaller  differences  of  brightness 
where  there  is  also  a  decided  difference  of  colour.     This  ques- 
tion was  investigated  by  a  method  similar  to  that  emploved 
in  the  experiments  with  white  light,  the  only  difference  being 
that  on  the  rear  wall  of  the  apparatus,  in  place  of  the  squares 
o     white   paper   and   black   velvet   respectively,   there    were 
placed   squares  of  differently  coloured   paper.     The  objects 
were,  as  before,  etchings  on  plate  glass  rFig.  4)      The  two 
pairs  used  both  formed  truncated  pyramids    with  the  apices 
toward  the  observer.  Seven  colours  were  used,  chieflv  of    the 
M, Iton-Bradley  series,  viz.,  red,  orange,  yellow,  green,  blue, 
violet,  and    purple.     These    were  illuminated    bv    an   8  c  p 
incandescent  electric  lamp  on  eachside  of  the  apparatus      The 
colours  obtained  by  this  arrange-ment  were  of  course  by   no 
means  spectrally  pure,  but  they  possessed  the  additional  in- 
terest of  being  more   like  the  colours  commonly  seen      The 
spectra    reflected   by  the  papers  under   the   prevailing   con- 
ditions   of   illumination,    and    their  comparative  intensities 
were  as  follows  : —  ' 


Name  of  Culuur.  Comparative 
lnten.«ity. 

Red 360 

Orange 360 

lellow ^10 

Green 3J0 

Blue I  ,J5 

Violet ,80         I 

Puiple i8o 


Portion  of  Spectrtim  Visible  in  fJ^/J- 


680-480  (640) 

670-550  (590-600) 

670-500  (570) 

J-JO-foo  (530-540) 

Whole  spectrum  dimly  visible  (500) 

\V  hole  spectrum  visible— yellow  and  yel 

low-green   very   weak. 
Whole     spectrum     visible— yellow 

green  weak. 


and 


One  colour  being  placed  opposite  the  inner  lens  of  the 
stereoscope,  i.e..  the  one  before  which  the  episkotiste-  disc 
revolved,  and  a  different  one  opposite  the  other  lens  the  disc 
was  then  adjusted  to  admit  only  a  single  degree  of  light  and 
the  amount  gradually  increased  to  the  largest  amount 'that 

[226] 


Robinson  :   Stereoscopic  Vision 


63 


the  disc  was  capable  of  admitting,  viz.  320°,  at  which  point 
no  difference  could  be  noticed  between  the  effect  and  that 
of  the  full  light.  Then  the  colour  en  the  unobscurcd  side 
was  replaced  by  another,  and  so  on  until  all  of  the  other  six 
colours  had  been  combined  with  the  partially  obscured  one. 
Then  another  colour  was  placed  behind  the  disc,  and  each 
of  the  others  combined  with  it,  as  before.  By  this  means  each 
of  the  seven  colours,  in  all  degrees  of  brightness,  was 
combined  with  each  of  the  others.  The  results  are 
summarized  in  Tables  XXXII  to  XLV,  which  show  also  the 
amounts  of  light  which  had  to  be  admitted  through  the  disc 
for  the  production  of  any,  and  of  complete  stereoscopic  com- 
bination. With  regard  to  lustre  also,  the  figures  indicate 
the  smallest  opening  of  the  disc  with  which  it  appears  at  all, 
and  the  least  opening  with  which  it  is  complete.  Wherever 
the  lustre  was  reported  as  "decided"  or  "perfect"  it  continued 
so,  as  the  opening  of  the  disc  widened,  even  up  to  360°. 
The  colour  named  in  the  heading  of  the  table  is  in  each  case 
the  colour  before  which  the  episkotister  was  rotated;  the 
colours  indicated  in  the  first  column  of  the  tables  are  those 
combined  with  it. 

Two  series  were  also  made  in  the  same  way,  combining 
white  with  coloured  light.  In  one  of  these  the  white  was 
behind  the  episkotister,  and  the  colour  remained  constant 
in  intensity,  in  the  other  the  white  was  constant  and  the 
colours  behind  the  disc.  The  results  are  shown  in  Tables 
XLVI-XLVII. 
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Table  XXXII. — Red.     Observer,  W.A.M. 


„              ,          r.       .                 '  R»tio  of  the  in- 1 
Compared          Opening  cf  the  1  tenaitiM  of  the  1 
Colour.          ,     Epwkotnter     objects  presented         Lmtre. 
Disc.          ;to  the  respective 
1           Eye». 

Stereoscopic  Effect. 

1 
Orange.            |           ^'°o 

i            6o» 

36.00 

18.00 

9.00 

6.00 

None. 
Slight. 
Bnghter. 
Good. 

Partial. 

Do. 
Good. 

Do. 

Yellow. 

30° 

60" 

100° 

JO-33 
S16 
3'o 

None. 
Slight. 
Decided. 

Imperfect. 
Good. 
Do. 

Green. 

8° 
lo" 
60" 

100° 

40.00 

3a.  00 

S-33 

3   so 

None. 
None. 
Slight. 
Perfect 

Partial. 
Complete. 

Do. 

Do. 

Blue. 

10° 
jo" 

n-SO 
6.25 

INone 
occurs. 

Partial. 
Good. 

Violet 

10° 
30° 

18.00 
6.00 

■ ,  None 
.  occurs. 

Partial 
Good. 

Purple 

10° 

40° 

18.00 
4.50 

None.              Partial. 
.  occurs.            Good. 

1^ 

it 
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Table  XXXIII  —Oranc.k.     Observer,  W.A.M. 


Cnmpareii 
Colour. 


„        .         ,   .      I  Ratio  of  the  in-  ■ 

Unenmffofthe   1   tenniticn  of  the 

LpickntiAtcr      ohjects  prp*«nt«Nl 

Disc.  to  the  n-spectivt-i 

Kye».  I 


i  Stereoscopic  Eff«ct. 


Purple, 


10= 

18.00 

30° 

70° 

6.00 

2-57 

100° 

1.80 

None. 
Do. 
Slight. 
Decided. 


j     Partial. 
Complete 
Do. 
I         Do. 
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Table  XXXIV —Yellow.     Observer,  W.A  M. 


Comparad 
Colour, 


„       .        .  ^       U»tio  111  th«  in-i 
OMninf  of  the      tcnuitiei  of  lh<t 
tpwkotmMr     obi«t>  prrMnt«d| 
UiM.  to  the  renpective 

Eye«. 


Red. 


Orange 


Green. 


Blue. 


Violet 


Purple 


10" 

'5° 
30° 
40° 


30" 


10' 
30° 


60° 

90° 


8° 
•5° 


6° 

'So 

K 
90° 


LuMtre. 


I  Stereoneopic  r;ffeot. 


41.80 
24.64 

"0.45 


None. 
Slight, 
"'etter. 
>-ood. 


Partial. 

Do. 
G*x5d. 

Do. 


41 .80 
>3  93 


I  None 
I  occurs. 


Partial. 
Good. 


37   '6 
1J.38 


Slight. 
Good. 


None. 
Partial. 
(Never  becomes 
perfects 


24.19 
9.67 
2.41 
1. 61 


None. 
Do. 
Slight. 
Decided. 


Poor. 
Good. 

Do. 

Do. 


25.80 
'3-93 


(  None 
I  occurs. 


34.83 

Nonfc. 

»393 

Do. 

315 

Slight 

2.03 

Good. 

Partial. 
Good. 

Partial. 

Do. 
Perfect, 

Do. 
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Tablk  XXXV.— Ghekn.     Obskrvkr,  WA.M, 


Red. 


Orange. 


Yellow. 


Blue. 


Violet. 


Puiple. 


llKtio  nf  thr  III- 
Compareil  On»liin|[  .•(  Ihc      Inmilipi.  .ir  Ihr 

CVilour.  Kpifk'iti.ter      ')h;MI«  pirm-lileil 

'•'-"  to  the  rFii(>«ctivp 

KyeK. 


Dim 


Stpr»<ttic<»pic  Kffpct. 


60° 

100° 


,'<).7.S 
ig.87 
6.65 
3  ■  <)7 


None. 
Do. 
Slight. 
Perfect. 


Partial 
Complete. 

Do. 

Do. 


10- 

40° 

60° 

160° 


■5° 


4'--° 


39-75 

6.65 
S    4<> 


None. 

Do. 

Little. 

None. 


Inconstant. 
Perfect. 

Do. 

Do. 


43    60 

23 '25 


■7   57 


25-3' 
10.  I  3 


13-50 
5.06 


( No  decided  Partial. 

•  lustre  appears     Good . 


}'. 


ppears. 


Complete  eflfect 
appears  at  once 


I  No  appear- 
/ance  of  lustre 
(at  all. 


Imperfect. 
Complete, 


I  None 
I  appears. 


With  effort. 
With  ease. 
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Taiui.   X.WVI  — Hi.,  i:      On:,i;uvi.K.   \V  A  M. 


(•.iiii|.a..-,| 
r.,1  .i,r. 


,,  ,    ,         Uuli.i  of  Ihe  iii- 

Dpcnmjji.f  liic      i..|..]ii,-  ,.f  thi- 

l'.pi-k..li.f|.r  ..hjwT-i  rr-fiitpil  Lu 

''''C.  ruth*"  rf«|if»rlive 


Ke.l. 


Orai>;o. 


Yollow 


Orccn. 


Violo 


Pur 


So" 
.)0° 


bo' 

1)0° 


6° 
4o° 


•5 
60° 


60° 


iTpo-C'tr'ic  KfTfCt 


JO  7! 
1  1  .  i)l> 
1  1  .  5  i 


None. 

U<i. 

Little. 

Xoili;. 


Pcxir. 
I'artia!. 
With  .'(Tort 
Perfect. 


5  I    ■'<4 
1  7  .  i.S 


14S..S0 
8f;.2S 


61  ,4s 
6.5.S 


8A .  40 
.14  •5'' 


8.64 


None. 
Little. 
Better. 
Very  jjr)0(L 


Partial 
Complete. 

Dr). 

Do 


Nrine. 

IJo 

Slight. 
(Never  tic- 
comes  good.) 


Partial. 
Complete 
Do. 


None 

Little. 

None. 


\Vitli  effort. 
(Never  com- 
bine perfectly.) 


^  None 
I  ajipears. 

None. 


Dithcult. 
Perfect. 


With  effort,  and 
SI)  throughout.    ( 
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Tm.i,i:   WWII     -A'lnii.i       Hhsikvi  u,  \V  A  \l 


b) 


<'"fnl'i*r«*il 
<'"l'.iir. 

thifiiinif  I.f  lilt. 

f:r.-k  .h-iiT 
|i,-f. 

1.,  1 

1..  .,(  !!,.■   Ml- 

-111 1   ll«. 

'•'-IT llll.l 

»•   r.  -tit.iixi 

I.ii-in-. 

S'lTi.i-.'  .,,:,■  |.,|T,.,-i. 

I'arti.il 
<'imi|iii-ti'. 

Ke,l 

f)raii^f*. 

7°° 
140" 

10.  iH 
5-  U 

■  .None. 

}.\.iH.', 

(d.oo 
1 0  .  J  S 

I':,r:ial 

(■.i:llIi!i-U' 

Vi'll.jw 
r.rci'ii. 

4°" 

10° 
so' 

'5    50 
10.  \(t 

\  Xi.nf 

Pari  111 
('iiiii|'ii-;i'. 

I'.inial 
(".impli'lf. 

ranial 
I'limpicti'. 

.11    00 

Bliicv 

so' 

So" 

."Ill 

;  X.in. 

l'iiri>liv 

40" 

,,0" 

J4  .  00 

')  00 
4.00 

X'ino. 
\  rry  fair. 

I'arial 

H,-ttiT 

('.Mn|ili-li-, 

Tahii.   XXXVIII  — I  rRiM.K.     Obskrvkr,  W  A  M 


Otlnparpii 
Culour. 


Red, 


Orargc. 


Yellow. 


Green 


Blue. 


Violet. 


Ilali..  I.f  the  ,„- 

Oj.i-inim  I.f  the     ipiiMii f  the 

I',|.i7.1ii.li.|pr      i.l.j€.<'t»  prc-cnlr,! 
I*i>c.  til  (III.  rp«[i#.ptivp 

K.vi-:'. 


i 


Oo° 


80° 
120° 


6o° 


SliTp  ..■,.|.ii-  KiTpct, 


,?6.00 
S.OO 


Xone. 


Partial. 
Good. 


.?fi .  00 
I  ;   00 


X.me. 
Slif;ht. 
Decided. 


Imperfect. 
Complete. 
Do. 


Xone 

Xone. 
Sliylit,  (.\ever 
becomes  good. 


Partial. 

Goo.l. 

Do. 


S.  00 


Xo 


Partial. 
Perfect. 


4.16 


Xone. 


At  once 
complete. 


7,(>  .00 

N'ono. 

i  S  .  0  0 

Slight 

I  2  .00 

Do 

6  .00 

Good. 

Partial. 

Do. 
Good. 

Do. 
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Comparrd 
Cnluur. 


Tahuk  XXXIX  — Rki)     Obskrvkr.  P  BT 


.         ,    .        ll»ti"  iti  ihf  in- 
Ofi«nin(<itlh«  ,  irniitir*  lit  lhi> 
itintfr     jobjrrts  nrnwnlnl 


Orange. 


Green. 


Bit 


Violet. 


Purple 


JO' 


30" 


So° 


^r 


6" 


15" 

30^ 


ito  th«  rvnpwtiv^i 


I.UMtr 


.)6.oo 
2<j.6o 
I  i.oo 


.)  I  .  oo 

'5   5° 
A.  JO 


16.66 
16.00 

4.00 


I  J .  50 


30.00 
10. iK 
6.00 


1  2  .00 

6  .00 


None. 
Slight. 
Good. 


None. 
Slight. 
Gc<h1. 


r*one. 
Do 
Partial. 


None. 
D.I. 


None. 

Do. 
Good. 


None. 
Do.  ■ 


HtrnKiscnpio  Kff»^f. 


Partial 

Do. 
Complete. 


Complete. 
Do. 
Do. 


Slight. 

G«mkI. 

Do. 


Partial 
Complete 


Partial. 
Complete. 
Do. 


Partial 
Corapkii 
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tVtIour. 


Blue. 


Violet 


Purple 


Table   XL — Orani.k      Obskkver.  I'  B.T. 


-.                ,    .  Kuliw  of  t!i»  in- 

UMnin(n(th«  Irnnlvi  .<(  ih> 

hpulioll'ler  cibiMtK  |>n-wnlr<l 

Ihw.  to  th«  reit|>^ctiv« 


Strr.nscopie  Eflnt. 


Partial 
("omplcte. 


31.00  None. 

5   .H  Same,  never 

becomes  good. 


Complete. 
Do 


jo.«i 
10  41 

t,.3C 


None 

Kair 
Good. 


Complete, 
ifo 
Do. 


15.00 
1 .  1 1 


None.  I 

•Slight  .races 


Complete. 
Do 


50° 
ha' 


.?o .  00 

13  .00 
5.60 

5.00 


None. 
Do. 
Do 

SliRhV 


Slight. 

Fair. 

Good. 


•  H«r<l  1..  (li.linfui.h  lu.trc  from  hriihlnM.  of  the  objMt 
lncr.,«.,  w.h  ,re.>,r  ...t.n.ily  of  !),»„„.  but  n.v.r  b«..~..,  ,„y  d„id„l 
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■'"'"    •"^'-'       V »       Oms.kvim     put 


('"tiii'»ri-,t 
•  ' ur. 


<h""ir'lf  "f  til."       r.n.ii.f-  .  i    ,  i... 

KlH-k  .'I.   ■,       ,,. ,.,.„J.„'.. , 

J .  f.rt  -*  Kief 


'■•"'•• .■  i  llrrl. 


U,.l 


•40 
loj- 

10  ' 

I," 


'0    41 


Slight 


Slight 


4    It  \fry  K'"''l  1)< 


*  I'liiplctf. 


J7.K7 


XlMV 

I).  I. 


"1   T  \u 


»4     KJ 


Vftnr 
♦Slight 


I'.iiiial 

t'liillt.Ii-tc. 


.\4l*{  \,.m- 

io   1%  I),, 

>f^  l;\tri-:m'lv 

SllKht   " 


t'"lll|^l^■^l•. 

lni|nTfcit, 
Oiir.pleto. 

I'iirtlal 
l'i>111pll'lr 
I  In. 


I'urple. 


iV4.S  \,)ne. 

h   .16  I),, 

4    iS  Slight, 


I'.irli.ii 

c; 1 


•  A1»A«  111- ||„r»  wu.  lu.irr     «„ 


""'"""-  "'"" "-"■"- I"..l.-.l     1.,,.  „e,.r  ,  ,rf«,t. 


(*i'ni|uircc| 
Colour. 


Taule   XLII  _c;kf.i.n      Obskkvkr.  PUT 


llllllnof  III,,  iti- 

()(*nmii..f  111,      I..II.I1,,..  „f  i|„ 

l-.|.i»l..,ii.ivr      .,l,,r.i,  |.n-»„i„| 

"'■"•  to  111..  rr-iiiT-  If 


l.iiflin 


■■*'"" '■'■•'I.U-  Ktle<-f 


12" 
160° 


I  J" 
40° 


40=' 


.sod  J 
.V?    74 

,V1-7,S 
10.  1  J 

14    06 


■  .r 


Partial 


.Nunc. 
U".  C-i.mpIeti 


•N'one. 
JJo. 

None. 
bo. 


None 


JO.  J  5 

'.r  50 


None. 
Do. 


I  a 

Ih 

,S,, 

\ 

30° 

10 

I 

f'D" 

K 

tint 

-\U)J 


I'.irlial. 
•"otnplete. 


Partial 
l'"iiiplitc. 


Complete. 

IlIiptTlVct. 

C'luiplet". 
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l(«l (  11...  ir 

r..m,..„,i        i'i.wi.h«..rii„    „„.„ , 

•  ■.■I.,ur.  KlM.knt,.,,,      ,,l„-i'l-,T.-.-i,l,.'  l.u-i,,. 


Si».rt'.i»*.,,|,u.  Kf!M-t 


Kr.| 

Orarim' 


.10° 


iJ'i.feo  .Viinr 

.14    «'>  I  III. 


JO" 
40= 

70° 


^l     ■'<4  .NuIR' 

i.<    'JJ  Sli^flll 


Partial 

("<)m|ili-tp, 

I'.irtial 
I'litiiplrto 


Nunc 


Green. 

ViiiUt 


J  6., So  Si] 


J  5  .  g  - 


!».. 


i'lirpli' 


50 

<)0^ 


10    16  Xiitio. 

f    7'>  D.I 


*t 'limp  lot  I' 
•Partial 

l)ITlpll.-tl 


•Slight 
Kair 


•lilur  v-ry  .l.rk.  In,..  n,i,  r,...,lv     ...t.l.-  „„| „||..r  „„.,„„«. "^ 

Table  XLIV  — Violkt  .     Ohsirvkh,  P  H  T 


-,  .  ItlltHi  of  Itll"   id.  ' 

{•.tnimrwi        ,  Ol'lii'iKotlhe      l,n,.itw.  „f  ih»  ^ 
C'uluur  tlMnlccilinter      iibjKt»  |ir»«<nlnl  lii-in 

»'!«;.  ,tu  llie  rf.iirrtivp' 

Ky»». 


Sten'i>-cu|.ir  Kfffrt. 


Keel. 


jo" 

60° 


90  00  None. 

56.00 

I  J.  00  Slight. 


Imperfect 
fumplete. 
Do. 


Orange. 


.ift.oo       ^     None. 

13. 00  Dn. 

ioo''-i'.o''       7.10-4.50     I     tKaint. 


60" 


Iin|ierfect. 
Coniiilete 
Do 


Yellow. 


(10° 
i.,o° 


■7    ."io  I  None  Partial 

^'■°°  !'>'•  !  Complete. 

'0-,V!  .  Faint.  j  Do. 

.(    5.S  ]  Disappears,  ;  Do. 


Green. 


64.00       I     None 
3J.00       I       Do. 


Partial, 
Complete- 


Blue 


16.66  None 

.1   I  a       I  Verv  faint. 


Complete. 
Do. 


Purple 


24 .  00 


None. 
Do. 


Fair, 
Perfect. 


•(ir;„luully  (a,lf,  »,  „,*„,„(,  iriiTea>ti,  t»iy,„„|  |60  ilfgrets 
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Tablk  XLV.— PiRPLE.     Observer,  P.B.T. 


0>mparml 
Colour. 

lUtio  of  the  in- 1 
Oprning  of  thn      t("n..iliM  of  thu 
tlinkotiMer      objects  iiresenteil^            Lustre. 
Diftc.           to  the  rei(|)ective| 
Eyes.          1 

Stereoreopic  Effect. 

Red. 

"°                  60.00       1     None 
70°                  10.38       i     Do. 

Partial. 
Complete. 

15°                  4S.00            None. 
Orange.                       jo°                  ,16  00            Fair. 

60°          '         I J  00       1       Do. 

Partial. 

Do. 
Complete. 

'2°          i          5J.0O        :     Nonc- 
»""ow.                       i7i»          i          ,6.  SI        !     Slight. 
10"          •         3 1    00        1        Do 

Imperfect. 

Do. 
Complete. 

!           "'          i         53  33       !     None-. 
treen.               ,           jo"          ^         31.00       !       Do. 
.SO                      I  J.  80        I     Slight. 

Partial. 
Complete. 
Do. 

Blue.                  i            '°l                   "•50       1     None. 
1         no°                     3.08       I      Do. 

Complete. 
Do. 

Violet.              1           '°l         1         ■*  °°       i     Fa'"t. 

1         »40           1           I .  I  a       1     Increases, 
!                         1                         ;  but  still  weak . 

Complete. 
Do. 
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Table  XLVI.— White.     Obskrver.  \V. 
(White  changing  in  intensity,  Cololr  constant  1 


Cnmparpfl 
Colour. 


Red. 


Orange. 


Yellow. 


Grei 


Bill 


Violet 


Purple. 


'  Ratio  of  the  in- 

Opcning  of  thn      t«n..iiti«i  of  thn  j 

bpinkotiHter      objeetn  prenenteu 

Dice.  to  the  respect  ive 

Eyw. 


Slereowopic  Effect. 


4" 

2  8° 


-270" 


4" 

10° 
260° 


4° 
'SO' 


4" 

30° 
80" 


j6o.oo  I     None. 

90.00  Do 

I  J.  8s  Faint. 

1.71-1.3.5  Good. 


Partial 
Complete. 

Do. 

Do. 


1 80 . 00 
40.00 


155.00 
3 1 .  00 


80.00 

32.00 

'    '3 


61.50 
JO. 81 


90.00 

45.00 

»S-7' 

1.63 

•72 


I  So. 00 
45.00 

3}  .  50 

6.00 

3.  22 


None. 
Faint  (never 
Ix'conies  good) 


Complete. 
Do. 
Do. 


None. 
Slight. 


None. 
Faint. 
Very  good. 


None. 
Slight. 
Very  fair. 


None. 

Do. 
Slight. 
Brighter 
Good. 


None. 

Do 
Slight. 
Better. 
Very  good. 


Complete. 
Do. 


Complete. 
Do. 
Do. 


Complete. 
Do. 
Do 


Partial. 
Complete. 

Do 

Do. 

Do. 


Partial. 
Complete. 

Do. 

Do. 

Do. 
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T.ABLK  XLVII.— White.     Obskrvfk,  \V 

(WlIITK    l-ONSIANl     ,N     IN-IKNSITV,    CoUUR    ,;|1.,  NcilN,,! 


i|.!iri-,l 
l..ur. 


I!ali,,,,f  th"  in- 

l-pi-k'iti.rrr      ulijpct-  propntpd 
l>i>c.  ut  the  re.-iwctive 

Kvcs. 


Red. 


Oran^'e 


Yfllow. 


Green. 


Blue. 


Violet. 


Purple. 


I.u.-fre. 


4-' 
"5" 


I  Ho , oo 
oo .  oo 

45.00 


2° 

I  So. 00 

s' 

4^  .00 

24' 

I  5    00 

X'.ne. 

Slight. 

V  ory  good. 


None. 
Sli-ht. 
Fair. 


■i»pjc  KfTect. 


IinpiTt'ivt. 
Ciimplete. 

Dn, 

Do. 


10° 


4" 

16° 

6=;° 


6" 


■4° 


1 00" 


41  .Xo 


.  21 


202 . 50 
101  .  2-i 

6  .  2_J 


10,^6  .So 

,?4.i    fio 

172 .So 

10 .  ,^6 


.^60 .  00 
.>;t  .42 


720 . 00 
I  So. 00 

60. 00 

7.20 


None. 
Slight. 
Fair. 


Co:;iplcto. 
Uo. 
Do. 


Complete. 
Dn. 
Do. 


N'one. 

Do. 
Sli^'ht. 
Fair. 


Partial. 
Complete. 

Do. 

Do. 


None. 

Dn. 
Slight. 
Fair, 


None, 
Slight. 


Imperfect. 
Complete. 

Do 

Do. 


Complete. 


None.  Imperfect. 

Extremely  '     Complete. 

faint.  ! 

Slight.  '           Do. 

Gond.  i)o. 
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Results  :  Comparison  of  tliu  results  of  these  experiments 
with  those  of  tlie  similar  experiments  in  white  \iy,\n  shows 
some  very  interesting  points  of  dilTercnce. 

(i )  With  a  considerable  number  of  combinations  no  lustre 
appeared,  no  matter  what  the  difference  of  intensity.  (The 
limits  were  from  equality  to  a  ratio  of  1  to  720).  Tliis  seems 
difficult  to  account  for,  the  more  so  as  there  is  not  very  much 
regularity  as  to  the  colour  combinations  with  which  the  lustre 
appears  or  fails.  On  the  whole,  it  may  perhaps  be  said  that 
in  most  of  the  cases  where  no  lustre  appears  the  colours  are 
either  somewhat  near  each  other  in  quality,  so  as  to  mix 
readily,  or  else  are  nearly  complementary,  so  as  to  produce 
the  strongest  rivalry.  The  number  of  experiments,  however, 
was  not  great  enough,  nor  the  regularity  of  the  results  suffi- 
cient, to  make  this  induction  conclusive. 

2.  Lustre  does  occur  in  many  cases  with  smaller  difTercnces 
of  brightness  between  the  two  retinal  impressions  than  were 
required  with  uncolourcd  liglit  to  produce  it.  As  before  ob- 
served, wlien  "good"  lustre  was  once  seen  it  continued  till 
the  disc  was  opened  to  its  fullest  extent.  And  in  some  cases, 
as  when,  for  example,  red  was  behind  the  disc  and  green  on 
the  other  side,  this  meant  that  the  intensities  were  practically 
equal.  The  lustre  was  frequently  reported  as  "good"  or  'de- 
cided" when  the  intensities  of  the  images  were  about  as  3 
or  4  to  I.  With  uncolourcd  light,  on  the  contrary,  no  lustre 
at  all  appeared  unless  one  retinal  image  was  from  i  ;<  to  3 
times  as  bright  as  the  other;  and  "good"  lustre  required  a 
ratio  of  at  least  9  or  10  to  i. 

3.  Lustre  docs  not  occur  with  as  great  differences  of  in- 
tensity in  coloured  as  in  uncolourcd  light.  That  is  to  say, 
the  upper  limit  is  much  lower  with  coloured  light.  The  lustre 
was  scarcely  ever  good  when  one  impression  was  more  than 
10  or  12  times  as  bright  as  the  other,  and  a  ratio  of  about 
50  to  1  is  the  extreme  upper  limit  for  the  appearance  of  any 
lustre  at  all.  With  uncolourcd  light,  on  the  other  hand,  the 
•ipper  limit  for  good  lustre  varied  from  375  to  920  to  i  and 
for  any  lustre  at  all  the  upper  limit  was  about  1900  to  i 
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4.  The  opening  of  the  disc  required  for  the  production  of 
the  stereoscopu:  effect  is  greater  when  the  images  d'ffer  ,n 
both  CO  our  and  brightness  than  when  they  differ  fn  brigh  ness 
of  to  nr  '"""P'^'^  combination  often  required  an  opening 
of  .^o   or  40°,  or  even   more,    while  not  even  a  parti/or  in 

tahl.,  r      ^^■*"   '°  ',  ""'"'""^  ""^^"^"^  *°  the  corresponding 
tables  regardmg  uncoloured  light  shows  that  a  partialster^ 
scopic  effect  appeared  with  an  opening  of  2'Ao  to  9°  and X 

t:T%tm"T  b.  n;r  ^^  ^"  opWUter  'tht  f; 

to  .8^  From  Tables  XLVI  and  XLVII  it  will  be  seen  that 
this  phenomenon  re-appears  even  in  the  combination  of  white 
and  coloured  light.  A  partial  stereoscopic  effect  ^L  J 1- 
quently  seen  w.th  an  opening  of  only  ,0,  ,„d  complete  s  ereo- 
scopic  combmation  commonly  did  not  require  more  than  40 
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